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ECOLOGICAL AND EVOLUTIONARY PERSPECTIVES
ON ESCAPE FROM PREDATORY ATTACK:
A SURVEY OF NORTH AMERICAN BIRDS

Steven L. Lima'

Abstract. — Growing evidence suggests that an understanding of avian anti-predator>’

escape tactics is important in understanding the way in which predators influence avian

ecological systems. Of key importance appears to be the way in which a bird’s perception

of predation risk reflects an interaction between its tactic of escape from attacks and the

physical structure of its environment: a given habitat may be avoided as too risky if a bird’s

escape tactic does not match the physical structure (e.g., vegetational characteristics, aspects

of local topography) of that habitat. However, escape tactics in North American birds are

poorly characterized. Thus, this survey brings together many observations of predator-prey

encounters scattered over a century’s worth of ornithological literature in an eflfort to identify

both the major tactics of escape from predatory attack and their respective ecological im-

plications. Various escape tactics also appear to be consistently associated with certain life-

history traits, and these associations are explored from both taxonomic and phylogenetic

perspectives. The current state of knowledge regarding escape tactics is hindered by incom-

plete taxonomic coverage of the available observations and various biases in the reporting

thereof Nonetheless, this survey provides further insight into the way in which predators

may influence avian ecological systems, even when actual predation in such systems is

numerically insignificant. Received 27 March 1992, accepted 1 Oct. 1992.

Evolutionary ecologists have not viewed predation as a major force in

avian ecological systems (Wiens 1989). Some recent studies on nest pre-

dation (and brood parasitism) in fragmented forests may change this view

(Brittingham and Temple 1983, Wilcove 1985, Martin 1988, Robinson

1992; see also Wiens 1989), but few would consider predation on adult

' Dept, of Life Sciences. Indiana State Univ., Terre Haute. Indiana 47809.

Acorn Woodpecker [Melanerpes formicivorus). Original painting by William Zimmerman

from “Life histories of North American woodpeckers,’’ Indiana University Press, Blooming-

ton, Indiana, 1992 (Copyright 1992 by William Zimmerman).

1



2 THE WILSON BULLETIN • Vol. 105, No. 1, March 1993

birds to be important in ecological systems (but see Page and Whitacre

1975, Perrins and Geer 1980, Marcstrom et al. 1988). This situation

contrasts markedly with that in aquatic ecology, in which predation on

all life stages of a host of creatures is of obvious importance (Zaret 1980,

Kerfoot and Sih 1987). Predators may also be important in the regulation

of mammalian ecological systems (e.g., Desy and Batzli 1989, Hanski et

al. 1991). Predators may indeed have very different effects in avian vs

other systems, but such a perception may reflect merely a difference in

historical emphases in these ecological subdisciplines, with avian ecology

most strongly influenced by the competition paradigm (Wiens 1989).

For present purposes, I accept the view that predation on adult birds

(i.e., removal of adults) is ecologically insignificant. However, it is im-

portant to distinguish between the influence of predators vs predation:

insignificant predation does not rule-out a major role for predators in

avian systems. Much recent work in behavioral ecology (Lima and Dill

1990) suggests that the mere presence of predators in a system elicits anti-

predator behavior that renders prey difficult to capture. Far from rendering

predators impotent, effective anti-predatory behavior provides an avenue

through which predators may exert strong effects on avian systems.

My emphasis regarding avian predator-prey interactions is the way in

which a bird’s escape tactic influences its perception of the risk of pre-

dation. A key aspect of such perceptions is the way in which the physical

structure of the environment influences escape from predatory attack.

Virtually all escape tactics described below depend upon some aspect of

a bird’s physical environment; this might be the presence and depth of

water or snow, the topography of the local terrain, a clear path for flight,

or the presence of dense vegetation. A largely unexplored consequence of

such dependencies is the possibility that the nature of these physical

structures is critical in determining the ecological distribution of a given

species. Put differently, birds are unlikely to settle in a habitat in which
they perceive a low probability of escape and thus a high risk of predation

(Lima and Dill 1990). Overall, I believe that this “escape” perspective

offers much insight into the influence of predators on avian ecological

systems, much as it has in certain mammalian systems (Rosenzweig 1973,
Kotler and Brown 1988, Brown 1988, Kotler et al. 1991, Longland and
Price 1991).

SCOPE, METHODS, AND DEFINITIONS

There are many ways to avoid death in an encounter with a predator (Lima and Dill

1990). For instance, a bird may “freeze” and thus avoid detection (e.g., Morse 1970), or, if

detected, prevent actual attack by a quick retreat to some refuge. Perhaps the most critical



Lima • ESCAPE FROM PREDATORY ATTACK 3

point in this interaction occurs when a bird (or flock) is actually attacked and pursued by a

predator; the behavior of such birds is my focus in this survey of escape tactics.

Observations of predatory attacks on birds are made infrequently. This is true despite the

fact, for instance, that an individual Cooper’s Hawk [Accipiter cooperii) might capture

hundreds of birds per year. However, the scarcity of such observations has prompted many
biologists to report them in the scientific literature. These published observations form the

basis of this paper, and were obtained from a survey of the major North American orni-

thological journals (The Auk, Condor, The Journal of Field Ornithology, The Wilson Bul-

letin) and many regional ornithological journals in relatively wide circulation (e.g.. Western
Birds). The entire publication series of each journal was examined issue-by-issue, via the

table of contents, for papers that might contain information on predator-prey encounters.

Various ornithological monographs (e.g.. Bent series) and journals of natural history (e.g..

Great Basin Naturalist, Southwestern Naturalist, Canadian Field-Naturalist) were similarly

surveyed, as was the ecological and behavioral literature on predator-prey interactions. I

also sought the observations of several colleagues particularly familiar with the natural

history of taxa for which I could locate virtually no published information. The following

survey thus comprises these many observations, together with my personal observations on

predatory attacks made during several behavioral studies. Overall, I was able to obtain some
information on about 60% of the families and 23% of the species of birds breeding in North

America. Note that observations of “escape” in response to humans are not generally

included in this survey, as such responses may not be indicative ofescape from true predators.

Furthermore, a few observations from outside North America are included for some cos-

mopolitan species.

Observations differ greatly in the behavioral detail that they provide. Observations in-

cluded in this survey provided information on the type of predator involved, the “escape

destination” of the prey (e.g., dense vegetation), and preferably some information on the

prey’s behavior during the pursuit. This information is conveyed in a three-part code. The

first part describes the place where the prey was attacked (e.g., in the air) and its escape

destination (e.g., water). The second part indicates the identity of the predator involved,

and the third indicates behavior observed during escape (if available). The resulting code

is interpreted as follows. For example, given the symbols in Appendix I, the code “A ^

W| F|pl” indicates that the bird in question was attacked by a falcon (F) while flying in the

air (A), and that its escape destination was a body of water (W). Furthermore, the bird

plunged into the water at high speed (pi). Note that multiple observations involving the

same escape destination and general prey behavior are combined into a single code when

possible. All behavioral interactions took place in flight unless indicated otherwise.

Some potential biases and other problems are unavoidable in these observations. For

instance, literature reports may be biased towards the more “spectacular” predators (e.g.,

the larger falcons) and, perhaps also, the more spectacular instances of attack and escape.

Thus the full range of predators experienced by a given species, or the full range of its

behavioral escape repertoire, may not be adequately represented. In addition, there is often

little behavioral information in a given observation beyond that needed to determine the

“place” data in the first part of the escape code. Thus the last part of the code is often blank,

and the overall description ofescape is therefore limited. Finally, there are marked taxonomic

and seasonal biases in the available observations. Taxonomically, the coverage in some

groups is very good, while data are completely lacking in others. Taxa comprising the larger

birds also have poor coverage, perhaps reflecting a lack of many serious predators on such

birds. Seasonally, observations are limited to non-breeding (wintering) birds, with very few

exceptions as noted. The reason for this seasonal bias is obscure. As a result, however,

neotropical migrants are poorly characterized in terms of escape behavior.
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ESCAPE tactics: a taxonomic survey

The survey (Appendix I) is organized taxonomically as per the AOU
(1983) checklist and supplements. More than one “interaction code” for

a given species in Appendix I indicates some flexibility in escape behavior;

the first indicates the apparently preferred (and presumably the most

effective) escape tactic. Scientific names of species may be found in Ap-

pendix I, if not given within the paper.

Gaviiformes through Pelecaniformes. — KesidiXy apparent from Appen-

dix I is the lack of observations for the nine families comprising the first

four orders. A common thread linking these birds is their relatively large

size and, for many, a marine/pelagic lifestyle. Thus, they may collectively

have relatively few predators. However, the smaller procellariiforms

(Hydrobatidae) may suffer significant predation (Watanuki 1986, Paine

et al. 1990). In fact, observations of Peregrine Falcons (Falco peregrinus)

hunting far at sea (Voous 1961, Rogers and Leatherwood 1981) and closer

to shore (Walker 1988) indicate that storm-petrels are relatively easy prey.

In any case, it seems likely that many of these birds would attempt to

dive into water to escape attack (as did an unidentified small grebe. Ap-
pendix I).

Ciconiiformes.SQYQmX observations exist for the herons and allies

which may, despite their relatively large size, suffer considerable predation

(Hunt et al. 1975, Caldwell 1986). The largest of these birds. Great Blue

Herons and spoonbills, may escape attack by a simple threat display.

Smaller herons typical of exposed coastal situations seem to use an aerial

escape tactic, at least in response to attack by Buteo hawks. Herons typical

of vegetated habitats (e.g.. Green-backed Herons) may use vegetation as

a refuge from attack.

Anseriformes.—N^2d.Qx is a common and apparently preferred escape

destination for many ducks (Anatidae) under attack from large falcons

(Dekker 1 987). Ducks feeding on the water’s surface simply dive to escape

attack, while those attacked in the air often dive directly into water. I

suspect that the smaller ducks (e.g.. Green-winged Teal) may also engage

in a socially-coordinated aerial escape tactic (as do most shorebirds, see

below) based on their coordinated movement during casual flight, but I

cannot find any explicit observations of this (but see Driver and Hum-
phries 1988). Many freshwater ducks will also plunge into herbaceous
vegetation when hard pressed or too far away from water (D. Dekker
1987, pers. comm.). This potentially injurious escape tactic is performed
at high speed and seems to be a last-ditch attempt to avoid capture. The
few available observations for marine ducks indicate water-based escape

tactics, but note the aerial tactic used by a Common Elder in response to

attack by a seal.
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The larger members of this order (swans and geese) are largely absent

from Appendix I. However, Bregnballe and Madsen (1990) report that

molting (non-flying) Brent Geese {Branta bernicla hrota) in Svalbard,

when attacked by skuas and foxes, ran inland to hide in a cliff, whereas

Barnacle Geese {B. leucopsis) ran to the sea. The basis for this difference

in behavior is not clear.

Faiconiformes. —The lack of observations of escape in raptors is un-

derstandable, but several instances of large raptors killing smaller ones

have been reported (Klem et al. 1 985). Escape behavior has been observed

in the smaller falcons (Appendix I), whose aerial escape tactic involves

speed and relative maneuverability.

GalI(formes.— Escape to woody vegetation is a common tactic among
the galliforms (quail, grouse, etc.). There is also an indication that the

larger, presumably faster (Peters 1983) grouse use an “aerial” tactic in

which they simply out-distance raptors, at least when attacked by the

slower ones. Ruffed Grouse may use such an aerial tactic in a woodland
setting but nonetheless fly very close to vegetation in an apparent effort

to thwart a pursuing predator (pers. obs.). Ptarmigans exhibit both a

vegetation-based tactic and a gravity-assisted, speed-based aerial tactic

involving downslope flight in steep terrain. Such a terrain-based aerial

tactic reaches its zenith in the Himalayan Snowcock, which have been

introduced in Nevada. When attacked by Golden Eagles {Aquila chry-

saetos), these large birds run down-slope, launch into the air, set their

wings, and dive down steep slopes and over cliffs (Bland and Temple

1990).

Gruiformes. — Rails (Rallidae) exhibit a vegetation-based escape tactic

which involves disappearing into thick herbaceous vegetation. Also in-

dicated is a water-based (diving) tactic (Appendix I). This diving tactic

is also apparent in the more aquatic members of this family (coots, moor-

hens, etc.). No information is available on the other two families in this

order (Appendix I); the cranes (Gruidae) in particular may be too large

for most predators.

Charadriiformes. —ObsevYaiions on escape behavior in this order are

limited primarily to the Scolopacidae (sandpipers). In fact, studies of

escape in the Dunlin (Davis 1980, Potts 1984, Buchanan et al. 1988) are

notable for their breadth and detail. Dunlins use the “classic,” socially

coordinated aerial escape tactic, in which individual birds in a compact

flock coordinate their flight movements to such an extent that the entire

flock appears to pulsate and maneuver as one; this is the “united, erratic

display” of Driver and Humphries (1988). This tactic has been observed

in many of the sandpipers (Appendix I). However, it is not clear whether

the escape tactic of larger sandpipers is so strongly socially coordinated.
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Furthermore, night-feeding sandpipers may be reluctant to engage in aerial

escape (Mouritsen 1992).

Solitary shorebirds (or those separated from their flocks), when attacked

by raptors, may (i) try to out-climb the predator (e.g.. Black Turnstone,

Dunlin, Short-billed Dowitcher), (ii) plunge into the water and then quick-

ly re-emerge and fly in the opposite direction (see also Morris 1990), or

(iii) plunge into vegetation and attempt to hide (Pectoral Sandpiper). The

extent to which various species use these tactics is not clear. Note, how-

ever, that the characteristically solitary Spotted Sandpiper appears to use

only a water-based diving/submersion tactic. Interestingly, chicks in the

Recurvirostridae may also dive into water when attacked (Sordahl 1982).

I was surprisingly unable to locate any acceptable information on the

escape tactics of plovers (Charadriidae). I suspect, however, that escape

behavior within this group is similar to that in the sandpipers for both

solitary and social birds.

Only a few ofthe gulls and none ofthe terns {Sterna spp.) are represented

in Appendix I (Laridae). These birds may not be commonly considered

prey for raptors, but large falcons and eagles may regularly take gulls as

prey (Murie 1940, Kruuk 1964). Available observations suggest that all

gulls use an aerial escape tactic. The smaller gulls (Franklin’s, Bonaparte’s)

appear to employ a socially coordinated tactic similar to that in shorebirds

(Kruuk 1 964), while larger gulls appear simply to dodge capture repeatedly

just before impact until the predator gives-up the chase. These larger gulls

are undoubtedly aided by their size alone.

The Alcidae are another poorly characterized group. Perhaps this re-

flects a relative lack of predators in their pelagic (non-breeding) habitat.

Thus, it may be no surprise that the near-shore-feeding Pigeon Guillemot

is one of the few species represented in Appendix I. These birds simply

dive underwater to escape attack, and it appears likely that all of these

sub-surface feeding birds would do the same. Note the “aerial” escape

tactic of Cassin’s Auklet in response to attack by a large flounder. Alcids

undoubtedly suffer a relatively high risk of predation during the breeding

season, when they are exposed to a large number of land-based predators

(De Gange and Nelson 1982). In response to predatory Glaucous Gulls

breeding Dovekies use a group-based aerial escape tactic that may involve

some sort of social coordination. If alone or isolated from the group, a

dovekie uses a downslope, gravity-assisted aerial escape tactic, similar to

that of ptarmigans and snowcocks, that has as its destination either rock

crevices or water. How common these tactics may be in breeding alcids

is unknown.

Columbiformes. —The doves apparently use an aerial escape tactic in-

volving primarily speed and aerial dodging (in the case of closely pursuing

raptors). Rock Doves may use a socially-coordinated aerial escape tactic
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(Driver and Humphries 1 988), but the degree ofcoordination seems lower
than in shorebirds (Pomeroy and Heppner 1992). Rock Doves may also

seek a physical refuge when alone and hard-pressed by a predator; Sutton

(1929) reported an instance of Rock Doves Hying under powerlines to

prevent capture by a diving falcon. I have also witnessed a Mourning
Dove, ambushed by a Cooper’s Hawk, dive full-speed into the ground
(breast-first) and quickly resume flight in the opposite direction before

the hawk had a chance to respond and resume chase.

Cuculiformes. — \ have found no acceptable information on this group.

However, it seems likely that they would seek vegetation of some sort if

attacked.

Strigiformes.—T\\Q smaller owls undoubtedly fall prey to larger raptors,

but I have only one observation of escape in this order, involving an

incident between a Peregrine Falcon and a Short-eared Owl. The owl

simply dodged attack at the last moment before impact. This may be an

example of “play” in which a potentially inexperienced falcon was at-

tempting to capture inappropriately large prey (Verbeek 1985).

Caprimulgiformes.—l have not located any acceptable references to

escape in these birds. In fact, information on predation in general seems

very sparse for this group.

Apodiformes. — S'wifts (Apodidae) are among the most aerial of birds.

Thus, it is no surprise that White-throated Swifts use an aerial escape

tactic (Appendix I). Other swifts probably employ the same strategy. It

may seem that such fast-flying creatures would have few predators, but

in fact swifts have often been reported in diets of Peregrine Falcons (Bird

and Aubry 1982).

Hummingbirds (Trochilidae) may suffer predation from opportunistic

predators (Miller and Gass 1985) but little is recorded of their escape

behavior. I have witnessed a Curved-billed Thrasher attack a feeding

Costa’s Hummingbird, which the latter deftly avoided with an aerial

dodge. This may be the main escape tactic in hummingbirds.

Coraciiformes.— The Belted Kingfisher (Alcedinidae) essentially uses

its feeding tactic of plunging into water to escape attacking raptors. The

European Kingfisher {Alcedo atthis) similarly plunges into water (Boag

1982), and it seems likely that all kingfishers would do the same. What

these birds might do if attacked away from water is not clear.

Piciformes.—^\\Qr\ attacked by raptors, woodpeckers (Picidae) dodge

attack by jumping to the opposite side of the trunk on which they are

feeding, hence the unusual coding in Appendix I. Furthermore, several

species terminate escape by adopting a cryptic posture involving out-

stretched wings and the fiattening of the body against the trunk. Wood-

peckers may not seem very cryptically colored, but this posture is effective

towards humans (K. A. Sullivan, pers. comm.). The large Pileated Wood-
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pecker may aggressively deter predators as large as Cooper’s Hawks (Mi-

chael 1921).

Passeriformes.— ¥\yc2iXchQrs (Tyrannidae) are a large group with a no-

table absence of information on escape tactics. This may reflect the fact

that many flycatchers do not winter in temperate North America and thus

are not present for the “season” during which most observations ofescape

behavior are made (see above). Perhaps this lack of information also

reflects their alert feeding posture, which may deter attacks from predators.

Nevertheless, alertness must be backed-up with an ability to escape once

attacked. Two observations suggest that flycatchers employ their well-

developed aerial maneuvering abilities to avoid capture. The generality

of these observations is, however, far from clear.

The larks (Alaudidae) are open-country birds prone to using aerial

escape tactics (Appendix I). Horned Larks use a socially coordinated,

aerial escape tactic similar to that described for shorebirds, but not as

strongly coordinated (pers. obs.). I located no North American observa-

tions on Eurasian Skylarks, but observations from their native Europe

suggest that solitary skylarks use an aerial climbing strategy to avoid

attacking predators. In fact, Solomon (1988) suggested that the singing in

which these birds engage (Dean 1989) while pursued by Hobbies {Falco

subbuteo) acts as a pursuit deterrence signal (cf Caro 1986). Note also

that hard-pressed skylarks may seek the refuge of physical objects such

as vegetation, and even automobiles (Boyle 1991) and humans (Riols

1990). In general, however, natural history accounts (e.g., Ali and Ripley

1974) and observations in Schluter (1988a) suggest that all larks are pri-

marily aerial escapers.

Swallows (Hirundinidae) are a group of common birds with very few

observations; nonetheless, these birds may form a major portion of the

diet of falcons (Allen and Knight 1913, Bird and Aubry 1982, Parr 1985).

The one available observation suggests that swallows employ an aerial

dodging tactic similar to that described for White-throated Swifts.

The crows and jays (Corvidae) may exhibit body-size-dependent escape

tactics. The smaller species Oays and magpies) seek woody cover when
attacked. American Crows also escape to woody cover, but they may also

employ aerial dodging as seen in larger gulls. Ravens, the largest passerine,

may aggressively defend themselves from attacks.

The anti-predatory behavior of chickadees and titmice (Paridae) of

eastern North America is well characterized (Smith 1991), and all exhibit

a woody-cover-dependent escape tactic common to many passerines. The
western representatives ofthis group have not received the same attention,

but their behavior (per. obs.) suggests that this basic tactic is employed

by all parids. Note also that the ecologically and behaviorally parid-like
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Bushtits (Aegithalidae) exhibit very similar escape behavior, and the same
probably holds for Verdins (Remizidae; Auripanis jlaviceps).

I found no observations of escape from attack in the nuthatches (Sit-

tidae), despite their prominence in studies of anti-predatory social be-

havior (Morse 1977, Waite 1987). B. Enoksson (pers. comm.) indicates

that after predatory attack, European Nuthatches {Sitta europaea) may
be very difficult to locate, even though they may not have left the tree on
which they were feeding; in one instance, a nuthatch was found hanging

motionless, upside-down on the underside of a branch. Thus I suspect

that these birds use a woodpecker-like escape tactic involving tree trunks/

branches and probably a cryptic posture. Such a strategy is more clearly

the case for the sole representative of the Certhiidae in North America,

the Brown Creeper. The woodpecker-like escape tactic in this tree-trunk

foraging bird also includes a very effective “terminal” cryptic posture

(McClelland 1975).

The two wren species (Troglodytidae) for which I have observations

both take woody cover as their escape destination. It seems likely that all

wrens would similarly seek vegetation when attacked.

I could locate no observations on escape behavior in the Cinclidae,

represented by the American Dipper (Cinclus mexicanus). However, it

seems likely that they would seek the safety of water if attacked (at least

when feeding).

The Muscicapidae are another large group for which there are relatively

few observations. The two kinglets exhibit a vegetation-dependent escape

tactic very similar to that seen in chickadees. The American Robin also

appears largely vegetation-dependent in escape. Note, however, that many
members of this group (e.g., robins, bluebirds Sialia spp.) sometimes feed

far from woody vegetation. Thus there may be more complexity in the

escape behavior of these birds than current observations suggest.

All of the Mimidae are closely associated with dense, woody vegetation

(Grinnell 1917), and such cover is probably their destination when under

predatory attack. My many observations ofraptor attacks on Curve-billed

Thrashers confirm woody cover as the escape destination for at least one

member of this group.

All members of the Motacillidae (wagtails, pipits, etc.), Bombycillidae

(waxwings), and Sturnidae {Sturnus spp. only) probably exhibit a socially-

coordinated aerial escape tactic. This escape tactic has been described

many times in the European Starling (Appendix I), although solitarily

feeding starlings may seek woody vegetation or other objects when at-

tacked (James 1991). A similar social/solitary dichotomy is evident in

the Water Pipit. The Cedar Waxwing is one of the few birds that forages

in or on woody vegetation yet uses a socially-coordinated aerial escape
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tactic when attacked; the Bohemian Waxwing (B. garrulus) is undoubtedly

very similar.

The few North American representatives of both the Ptilogonatidae

(Phainopepla) and Laniidae (shrikes) occur in relatively open, exposed

habitats. However, all of these largely solitary birds feed in, or perch on,

woody vegetation, and thus probably use a vegetation-dependent escape

tactic. Observations confirm this in the shrikes.

Almost all North American vireos (Vireonidae) winter in the neotrop-

ics, and thus are largely unrepresented in the escape tactics “literature”

(see above discussion of seasonal biases). The Solitary Vireo winters in

North America to some extent, and thus is the one member of this group

represented in Appendix I. Like the parids and other birds with which it

feeds (Gaddis 1980), this vireo seeks dense, woody vegetation when at-

tacked by raptors. Other vireos probably use a similar tactic.

The family Emberizidae comprises relatively diverse but apparently

closely-related subfamilies once classified as separate families (Sibley and

Ahlquist 1990). However, because these subfamilies are relatively large

and distinctive, I consider each separately.

North American warblers (Parulinae), like the ecologically similar vir-

eos, almost all winter in the neotropics and thus have poorly-described

escape behavior; the same is true for the few North American tanagers

(Thraupinae). However, like the Solitary Vireo, a few warblers winter in

mixed species flocks in the southeastern United States (Gaddis 1980).

These warblers (Appendix I) all seek dense, woody vegetation when at-

tacked; other warbler species probably do the same.

The large-billed finches comprising the Cardinalinae winter primarily

in the neotropics, and thus are also poorly described in terms of escape

behavior. However, Cardinals and Pyrrhuloxias, both permanent North
American residents, seek woody cover when attacked by raptors. Such

an escape tactic may not be observed uniformly in this group; the highly

social Dickcissel {Spiza americana) probably uses a socially-coordinated

aerial escape tactic during the non-breeding season.

The subfamily Emberizinae, comprising buntings, longspurs. New World
sparrows, etc., is a large and unusually well-characterized group (relying

heavily upon my personal observations. Appendix I). This group is no-

table for a diversity ofescape tactics representative ofpasserines in general

(see also below). Observations suggest a similar diversity for New World
blackbirds (subfamily Icterinae), but these few observations probably do
not fully characterize this subfamily.

Escape tactics in the Fringillidae (Appendix I) may also be relatively

diverse. Represented in Appendix I are herbaceous- and woody-vegeta-

tion-dependent escape tactics, as well as the socially coordinated aerial

escape tactic. Note also that crossbills exhibit the unusual vegetation-to-
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air escape tactic described earlier for waxwings (Bombycillidae). Crossbills

may not be the only fringillid exhibiting such unusual escape behavior:

the highly-coordinated flight and flushing behavior (pers. obs.) of Pine

Siskins (Carduelis pinus) and Evening Grosbeaks {Coccothraustes vesper-

tinus) suggest that arboreal, socially feeding fringillids may generally em-
ploy such a strategy.

Also notable in the Fringillidae is an indication ofconsiderable variation

in escape behavior within species. For instance, American Goldfinches

(and probably redpolls) may exhibit both an aerial and vegetation-de-

pendent escape tactic (Appendix I). Similar “flexibility” is indicated by

Lindstrom (1989) in an Old World fringillid, the Brambling {Fringilla

montifringilld), which preferentially seeks woody cover if available, but

may use an apparently socially coordinated aerial escape tactic if feeding

far from such cover.

The ubiquitous House Sparrow, the major representative of the Pas-

seridae in North America, exhibits a woody-cover-dependent escape tac-

tic. Schluter’s (1988a) observations on the behavior of African finches

suggest that most (if not all) members of this family take woody cover as

their escape destination.

SUMMARY OF ESCAPE TACTICS

My goal in this section is to provide some generalizations concerning

the nature of escape tactics in North American birds. Given the incom-

plete coverage of the above survey, I consider these generalizations to be

tentative, and offer them mainly as points for further investigation. I

organize my discussion around the basic escape destinations.

Vegetation

Woody vegetation. — Perhaps most intuitively, a bird under attack should

seek a refuge in which it would be absolutely safe from further attack.

The nearest thing to such an impregnable refuge is dense woody vegetation

(although Accipiter hawks may pursue birds on foot into such cover,

Bergstrom 1985; pers. obs.). Thus it is easy to understand why many

terrestrial bird species make this their escape destination. Less clear is

whether variation in the quality of woody vegetation is important to

escape. It seems reasonable that there exists an optimal vegetational den-

sity for escape; vegetation too dense cannot be penetrated quickly, and

vegetation too sparse offers little protection (especially against Accipiters).

No work to my knowledge has addressed this issue.

This question of cover density suggests that birds similar in size to their

raptorial predators (e.g., grouse. Rock Doves, etc.) would be at a disad-

vantage in using woody vegetation for escape. These birds might find it

difficult to locate cover into which they could flee and not be followed
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easily by a predator. Thus relatively small birds may be more likely to

use woody vegetation for escape, and such is generally apparent in the

above survey. However, most of these small “woody-escapers” are pas-

serines, raising the specter of a strong phylogenetic (as opposed to adap-

tive) component to such a trend (Harvey and Pagel 1991). Note, however,

that this trend is also apparent in the Galliformes and within the passerines

themselves (e.g.. Corvidae, Appendix I). In any case, this pattern deserves

greater attention.

Herbaceous vegetation. —Gv2iSS-\\]sQ herbaceous vegetation is often the

escape destination ofmarsh and grassland birds. This does not necessarily

reflect a lack of other destinations for escape in such habitats, for many
grassland sparrows ignore woody vegetation when fleeing from humans
(Pulliam and Mills 1977; Lima and Valone 1991; Watts, in press) and

raptors (pers. obs.).

The precise nature of escape tactics based upon herbaceous vegetation

is not clear. Since this vegetation probably does not provide the “im-

pregnable” refuge of woody cover (although it may impede attack), an

escaping bird’s objective is apparently to make difficult further detection

by the predator. In other words, these often cryptic birds (Pulliam and

Mills 1977) may essentially hide from predators by quickly moving out

of danger of being detected again. Such an idea underlies the use of the

term “screening cover” in Watts (1990). Presumably, this screening cover

must be relatively dense (but not too dense) for effective escape. No study

has addressed this directly, but many grassland sparrows seem to seek

out relatively dense vegetation (Grzybowski 1983a, b).

Tree trunks. — This destination seems limited entirely to tree-trunk for-

aging birds: woodpeckers, creepers, and probably nuthatches. These birds

dodge attack by “jumping” to the opposite side of the trunk on which

they are feeding. Because relatively thick trunks may require a lengthy

escape maneuver, and very thin trunks may provide little impedance to

predators, there may exist a preferred trunk diameter for escape. No
studies examine this possibility, but Sullivan (1984) observed that Downy
Woodpeckers abandon thin branches for thicker ones after simulated

attacks. In any case, it seems likely that the preferred trunk diameter is

a function of body size, with smaller birds preferring thinner trunks.

The cryptic posture terminating escape in many of these “trunk escap-

ers” suggests that tree trunk coloration may be an important determinant

of escape. No studies have addressed this possibility.

Air

A variety of birds seek open air (or remain in the air) when under
predatory attack (Appendix I). There is considerable variation in aerially-

based escape tactics.
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Speed-based — Birds employing speed-based aerial escape ladies

attempt to “out-run” a predator, often a relatively slow Accipiter hawk.
This basic tactic is observed in doves and galliforms. These birds lend to

be relatively large, and are therefore swift lliers (Peters 1983). Their size

may also preclude the effective use of woody or herbaceous cover for

escape. Few, if any, passerines employ this tactic, perhaps due to their

generally small size.

Aerial dodging. — y[2iv\y species too large to have many serious natural

predators (e.g., the larger gulls, owls, and corvids) often use a quick, aerial

dodge just before predator impact, perhaps to avoid injury more than

death per se. However, aerial foragers such as swifts and swallows also

appear to use such maneuvering as their major mode of escape. It also

seems likely that some sort of last-minute dodge is important for escape

in flycatchers. Given this escape tactic, however, exactly what terminates

an attack (besides capture) is not clear; why would not a predator attack

continually until successful? Predators may terminate attack to locate less

alert prey.

Socially-coordinated — Species employing this tactic launch into

the air nearly simultaneously and then maneuver (change direction, at-

titude, etc.) in a highly-coordinated manner (Davis 1980, Potts 1984)

while flying in a compact flock. The birds in such a flock act almost as a

single behavioral unit during escape. Such a tactic is observed most prom-

inently in several families within the Charadriiformes and Passeriformes,

and probably occurs in certain members of the Columbiformes and An-

seriformes. Most socially coordinated escapers are small birds (Appendix

I), but the gulls and doves using this tactic are relatively large.

Socially coordinated escapers are generally birds of relatively vegeta-

tion-free, “exposed” habitats (e.g., beaches, fallow agricultural fields, etc).

Some notable exceptions are found in arboreal frugivores/granivores such

as waxwings, some fringillids (e.g., crossbills), and Asian Brown-eared

Bulbuls (Pycnonotidae; Ixos amaurotis, McClure 1957), all of which feed

directly on woody vegetation yet do not use it for escape. The reason why
these birds use an aerial escape tactic is unclear; perhaps the crowns of

the trees in which they feed are not dense enough to offer much protection.

To complicate matters further, M. J. Dejong (pers. comm.) reports that

certain African bulbuls (Pycnonotus barahatus and Andropadus latirostris)

and the frugivorous Speckled Mousebird {Colias striatus) will “drop like

rocks” out of fruiting trees into dense herbaceous vegetation upon raptor

attack. Clearly, generalizations regarding all arboreal frugivores may be

premature.

The nature of this social, aerial strategy is clear, but the reason for its

apparent effectiveness (e.g., Buchanan et al. 1988) is not. It seems clear,

however, that falcons very rarely dive into a compact flock ofmaneuvering
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birds (Rudebeck 1950-1951). Some have speculated (Driver and Hum-
phries 1988) that a diving falcon risks injury due to inadvertent collisions

with non-target birds. Whatever the reason for the effectiveness of this

tactic, a bird is clearly in great danger should it be separated from the

flock (Rudebeck 1950-1951); the “solitary” tactics of aerial climbing,

diving into water, etc. (Appendix I) seem relatively ineffective. This raises

the interesting question of just how many flock members are necessary

for the effective use of this socially coordinated tactic.

Water

Water is a common escape destination in waterbirds representing sev-

eral orders (Appendix I). Many such birds dive directly into water, whether

attacked while flying or on the water’s surface. Such water-based tactics

are not confined to waterfowl. For instance, kingfishers and isolated shore-

birds sometimes use an “aerial plunge” to evade capture. Falcons some-

times force non-water-escapers into water, but such species appear doomed
under these circumstances (Hunt et al. 1975).

Several instances have been reported of large fish and sea mammals
preying upon diving waterfowl (e.g., Scheffer 1944, Riedman and Estes

1988), but very little is known about underwater escape tactics in sub-

surface feeding waterfowl. Two reported instances of escape from large

fish predators indicate that these birds (an eider duck and an auklet) swim
quickly to the surface and then launch into the air. However, the generality

of such a tactic is unclear, since humans are not predisposed to observing

underwater interactions.

Ground

The hard ground would seem a poor destination for escape, but it is

used by at least a few species (e.g.. Mourning Doves, European Starlings).

The sudden breast-first plunge into the ground associated with this tactic

appears similar in effect to an aerial dodge and can be quite effective (pers.

obs.). However, there must be a substantial risk of injury associated with

this tactic, thus it is most likely a “last-ditch” effort.

Snow

Several boreal birds might conceivably plunge into snow to avoid cap-

ture. However, to my knowledge, this has been observed only in the Ruffed

Grouse. The reason for the rarity of this tactic is not apparent. However,
I suspect that a combination of relatively un-encrusted, deep snow
(Huempfner and Tester 1988) and a large body mass (for adequate snow
penetration) are needed to make this tactic feasible. This might rule-out

a snow-based tactic for small birds, and chronically encrusted snow prob-

ably denies this tactic to even very large birds.
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VARIABILITY IN ESCAPE BEHAVIOR

Generally speaking, Appendix 1 indicates relatively little intraspecific

variability in escape behavior. This is particularly apparent in vegetation-

dependent species. Variability is, however, often observed in socially-

coordinated aerial escapers who, when alone, seek vegetative cover, water,

etc. to evade capture. Similar variability has also been observed in other

aerial escapers (e.g., Columbiformes).

There are several important questions concerning variability in escape

behavior. For instance, to what extent is escape behavior variable within

a given species? Does such variation represent individual behavioral flex-

ibility or inter-individual variability in behavior? Is there any broad geo-

graphical variation in a species’ escape behavior? Most observed behav-

ioral variability undoubtedly reflects individual decision making contingent

upon the specific situation of the attack. However, observations of escape

behavior of two sparrows in response to humans suggest large-scale geo-

graphical variability. For instance, in Arizona, Savannah Sparrows and

Vesper Sparrows {Pooecetes gramineus) show a strong affinity for woody
cover when flushed (Pulliam and Mills 1977, Lima and Valone 1991) yet

show a marked aversion towards such cover in old-fields in Georgia (B.

D. Watts, pers. comm.) and Atlantic coastal dunes (pers. obs.). The gen-

erality of such geographical variability in escape behavior, or its genetic/

environmental basis, is unknown.

The overall lack of variation in escape tactics apparent in this survey

may reflect a subtle bias in the reported observations: virtually all were

made in a given species’ typical habitat. For instance, longspurs were

observed while attacked in open habitats, California Quail were observed

in their typically brushy habitats, etc. Studies addressing escape tactics in

atypical habitats may yield much insight into flexibility in escape behav-

ior. For example, I once observed a typically cover-dependent White-

crowned Sparrow feeding in the open with a flock of Lark Buntings. When
the flock suddenly flushed in response to a nearby raptor, the sparrow

launched into the air with the buntings in an apparently socially-coor-

dinated fashion before dropping into woody cover over which the flock

flew.

ECOLOGICAL IMPLICATIONS! HABITAT SELECTION

Following several authors (Pulliam and Mills 1 977, Ekman 1 986, Kotler

and Brown 1988, Schluter 1988a, Watts 1991), I believe that some of the

most important insights to be gained from studies of escape behavior

concern patterns of habitat selection. The basic idea here is simple. Much

behavioral evidence (Lima and Dill 1990) and some unique data on

mortality (Watts 1990) suggest that birds (and animals in general) will

not settle in habitats in which they perceive a high risk of predation. Such
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a perception of high risk undoubtedly occurs in habitats whose structure

does not match a given species’ basic escape tactic. Thus, understanding

escape behavior is a key to understanding the way in which predators (as

opposed to predation) influence habitat choice and thus avian ecological

systems. This potentially powerful idea remains relatively unappreciated

in avian ecology, despite its explicit formulation over 15 years ago in

Pulliam and Mills (1977).

Consider birds with woody-vegetation-dependent escape tactics who

are not dependent upon such vegetation for food (e.g., most granivores).

These birds perceive an increasing risk of predation as they feed farther

from woody cover (Caraco et al. 1980, Lima and Dill 1990). Accordingly,

on a micro-habitat scale of a few m^, these birds prefer to feed close to

cover (e.g., Grubb and Greenwald 1982, Schneider 1984, Ekman 1987,

Lima 1987a, Schluter 1988a, Todd and Cowie 1990). Furthermore, ex-

periments show clearly that woody cover is pivotal in determining the

distribution of such birds on the scale of several hectares (Watts 1990,

1991, in press; Lima and Valone 1991). These cover-mediated effects of

predators may be evident at a scale of km^ or larger (e.g., regional/con-

tinental, Wiens 1989), depending upon the scale of patchiness in brushy

cover.

The influence of predators on the distribution of foliage-gleaning birds

is less clear. Since these birds tend to use woody vegetation as both a

foraging substrate and refuge from attack, such cover may provide both

food and safety. Thus, predators may be of little consequence for habitat

selection. However, the within-tree microdistribution of these arboreal

birds may reflect small-scale variation in the refuge quality of vegetation

(Ekman 1986, 1987). On a larger scale, differences in the refuge quality

ofvarious tree species may influence habitat choice on the scale ofhectares
or larger, especially if particularly safe trees have a limited geographical

distribution.

Very little is known about the nature of escape, and associated percep-
tions of predation risk, in species requiring herbaceous vegetation for

escape. However, some evidence suggests that these species may not only
avoid woody cover for escape (e.g., Pulliam and Mills 1977; Watts, in

press), but also avoid large areas to which such cover is added (Lima and
Valone 1991), although this effect could reflect competitive interactions
with “woody” species. More research focusing on these and other non-
woody species may prove insightful.

One might expect aerially escaping birds to be less restricted in choice
of habitat given the “vegetation-independent” nature of their escape tac-

tic. However, this appears not to be the case. Virtually all aerial escapers
are characteristic of only sparsely vegetated habitats. Some evidence sug-
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gests that socially coordinated aerial escapers may avoid woody vegetation
(Lima and Valone 1991) and ignore even nearby cover when attacked
(Lima 1990). Some of these “aerial” species avoid woody cover to the
extent that observations ofthem sitting in trees are reported (Potter 1 935).
A still unresolved question is why such birds might avoid cover. I have
suggested (Lima 1990, Lima and Valone 1991) that woody vegetation for

these species may simply interfere with their escape, which may require

a clear flight path in any one of several directions. It is also possible that

these species avoid potentially dangerous, cover-oriented predators by
staying clear of cover (Lima 1992).

Always a challenge to generalizations regarding aerial escape are the

social, arboreal frugivores/granivores that use a socially coordinated aerial

escape tactic (e.g., waxwings, crossbills, etc.). It seems likely that while

these species do not avoid trees per se, they may nonetheless avoid feeding

in closed-in areas (cf Lima 1990), such as the forest interior, that hinder

escape.

One further aerial escape tactic worthy ofmention is the gravity-assisted

aerial plunge described for the Himalayan Snowcock. This tactic requires

a steep slope for success, and Bland and Temple (1990) present evidence

that these birds seek-out such slopes during the winter influx of Golden

Eagles, their major predatory threat. Thus, on a large geographical scale,

this escape tactic may limit snowcocks to mountainous areas. Stemp-

niewicz (1983) also suggested that Dovekies, alcids with a similar gravity-

assisted escape tactic, may be limited to breeding on steep slopes.

Birds dependent upon water for escape must presumably remain in

close proximity to it for safety. Mayhew and Houston (1989) found that

terrestrially feeding Eurasian Widgeons (Anas penelope) perceive a greater

risk of predation as they feed farther from the water’s edge. Bent (1925b)

describes evidence that many marine ducks avoid flying over land during

daily and migrational movements, perhaps as an anti-predator ploy. Ob-

viously, however, for many waterfowl in most situations, a close asso-

ciation with water is mandatory given a host ofanatomical and behavioral

traits. Nevertheless, observations in Dekker (1987) and Poysa (1987)

suggest that the presence of deep water is an important determinant of

escape, and thus perhaps also a strong determinant of habitat selection

in these creatures; Pearse (1939) found that various marine ducks seek

deep water when approached by Bald Eagles. Such considerations may

also hold for non-aquatic birds that seek water when attacked by predators

(e.g., kingfishers and Spotted Sandpipers). If habitat selection in these

water-escapers is influenced by the depth of water, then it seems likely

that many species may experience a conflict between higher feeding rates

in shallow water, and safer feeding sites in deeper water.
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MATCHING ESCAPE TACTICS TO HABITATS

I have argued that birds will (all-else-equal) select habitats with broad

expanses of open areas, or abundant woody cover, or deep water, etc.,

based on the way in which habitat structure “matches” their escape tactics.

This argument’s very simplicity, however, masks some of its more salient

features. In particular, the idea that escape tactics must match habitat

structure is related to the flexibility of escape behavior in the species in

question. For instance, escape in a given species may be so inflexible that

the probability of escape (POE) is greatly compromised in any “non-

matching” habitat; such species should obviously prefer a matching hab-

itat regardless of the abundance of predators within it. Less obvious,

however, is the possibility that even small differences in the POE between

habitats can lead to strong preference for the best-matching (highest POE)
habitat even under apparently high attack rates in that habitat. The key

here is that POEs interact multiplicatively to influence habitat selection

(Lima 1992) such that a seemingly small difference in the POE between

habitats becomes “magnified” in its effects on habitat selection; this is

most important when escape behavior is particularly effective in a given

habitat. Thus even birds flexible in escape behavior may be strongly

associated with habitats matching their most effective escape tactic. Fur-

thermore, a seemingly paradoxical evolutionary outcome of this phenom-
enon is that birds may be in the odd position of preferring those habitats

containing their co-evolved and presumably most dangerous predators

(Lima 1992).

LIFE-HISTORY CORRELATES! TAXONOMIC AND
PHYLOGENETIC PERSPECTIVES

A species’ escape tactic is only one aspect of its anti-predatory behav-

ioral repertoire, and life-history in general. In short, an escape tactic is

one of a suite of life-history traits that determine a species’ present-day

ecological propensities. My goal in this section is to discuss escape tactics

in a broader life-history context.

The following analysis would ideally include all North American bird

species. However, the lack of information on escape tactics in many
taxonomic groups makes this impossible. Thus my analysis focuses on
the emberizine finches, one of the few groups for which there is adequate
information. Furthermore, this group of birds exhibits much of the di-

versity in escape tactics apparent in passerines and terrestrial birds in

general (Appendix I). Thus I believe the results below will generalize

readily to many other terrestrial taxa.

I first focus on three traits following Pulliam and Mills (1977) and
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Grzybowski (1983a): escape tactic, sociality, and habitat vegetational den-
sity. Escape tactics for each emberizine species are scored by escape des-

tination as in Appendix I: air (A), herbaceous vegetation (Vh), or woody
vegetation (Vw). Species often occurring in large flocks (ca 50 individuals

or more) are scored as highly social (H), while those typically social but

in smaller flocks (ca 5-20 individuals) are scored as moderately social

(M). Species exhibiting low-level sociality (L) usually occur in small flocks

(ca 5 individuals or fewer), while those often solitary are scored as S. A
species’ typical habitat is scored as D for dense vegetation (herbaceous

or woody) and E for exposed with sparse and usually short vegetation. A
habitat scoring of M signifies moderate habitat exposure: considerable

vegetation is present but feeding takes place in relatively exposed, nearby

areas.

For several species for which there is no direct information on escape

behavior, I have substituted published observations (Pulliam and Mills

1977, Grzybowski 1983a) or my personal observations of “escape” re-

sponses to human observers; such behavior seems closely related, in this

group at least, to that during actual predatory attack (pers. obs.). Habitat

and sociality scores were based primarily upon published observations in

Bent (1968), Terres (1980), and others and supplemented with my per-

sonal observations whenever such information was lacking. In addition,

species exhibiting geographical variability in escape behavior (Savannah

and Vesper sparrows) were scored as per the apparently more typical

escape tactic.

Table 1 shows each of the North American emberizine finches and how
it was scored. Note that almost all of the variability in the focal traits

occurs between rather than within recognized genera. Table 2 classifies

these species still further by placing each into one of the 36 possible

combinations of escape, sociality, and vegetational density. Immediately

apparent is a non-random pattern of trait association, with only nine of

the 36 cells containing any observations. Of these occupied cells, five

contain 37 of the 43 emberizine species in Table 1. These occupied cells

may conceivably define four basic suites of correlated traits (Table 3).

What evolutionary forces might favor these basic suites of traits over

other possibilities? Pulliam and Mills (1977) suggest that solitary, Type-

IV-like (Table 3) grassland sparrows have relatively little to gain from

the anti-predatory aspects of sociality (e.g., early detection of predators,

Elgar 1 989) and rely instead on their cryptic plumage and furtive behavior

in avoiding predators (Pulliam and Mills’ “solitary cryptic” strategy).

Grzybowski (1983a) suggests further that predator detection itself may

be difficult in dense grass, thus flocking there may merely enhance detec-

tion by predators. It also seems likely that vegetationally dense habitats
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Table 1

Some Non-breeding Season Life History Traits of North American Emberizine

Finches Wintering (to Some Extent) North of Mexico

Escape” Sociality*’ Habitat'

Green-tailed Towhee (Pipilo chlorurus) Vw s D
Rufous-sided Towhee (P. erythrophthalmus) Vw s D
Canyon Towhee (P. fuscus) Vw L M
California Towhee (P. crissalis) Vw L M
Abert’s Towhee (P. aberti) Vw S D
Bachman’s Sparrow (Aimophila aestivalis) Vw L M
Cassin’s Sparrow {A. cassinii) Vw? L? M
Rufous-winged Sparrow (A. carpalis) Vw M M
Rufous-crowned Sparrow {A. ruficeps) Vw L M
American Tree Sparrow {Spizella arborea) Vw M M
Chipping Sparrow {S. passerina) Vw M M
Clay-colored Sparrow {S. pallida) Vw H M
Brewer’s Sparrow {S. breweri) Vw M M
Field Sparrow {S. pusilla) Vw M M
Black-chinned Sparrow (S. atrogularis) Vw M M
Vesper Sparrow (Pooecetes gramineus) Vh (Vw) L M
Lark Sparrow {Chondestes grammacus) Vw M M
Black-throated Sparrow (Amphispiza bilineata) Vw M M
Sage Sparrow {A. belli) Vw M M
Lark Bunting {Calamospiza melanocorys) A H E

Savannah Sparrow (Passerculus sandwichensis) Vh (Vw) L M
Baird’s Sparrow (Ammodramus bairdii) Vh S D
Grasshopper Sparrow {A. savannarum) Vh S D
Henslow’s Sparrow (A. henslowii) Vh s D
LeConte’s Sparrow (A. leconteii) Vh s D
Sharp-tailed Sparrow (A. caudacutus) Vh L D
Seaside Sparrow {A. maritimus) Vh s D
Fox Sparrow (Passerella iliaca) Vw s D
Song Sparrow (Melospiza melodia) Vw L D
Lincoln’s Sparrow {M. lincolnii) Vw s D
Swamp Sparrow (M. georgiana) Vw L D
White-throated Sparrow (Zonotrichia albicollis) Vw M M
Golden-crowned Sparrow (Z. atricapilla) Vw M M
White-crowned Sparrow (Z. leucophrys) Vw M M
Harris’ Sparrow (Z. querula) Vw M M
Dark-eyed Junco {Junco hyemalis) Vw M M
Yellow-eyed Junco {J. phaeonotus) Vw M M
McCown’s Longspur {Calcarius mccownii) A H E
Lapland Longspur (C. lapponicus) A H E
Smith’s Longspur (C. pictus) A H E
Chestnut-collared Longspur (C. ornatus) A H E
Snow Bunting {Plectrophenax nivalis) A H E
McKay’s Bunting {P. hyperboreus) A H E
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Table 2

Distribution of Emberizine Finch Species among the 36 Life History
“Combinations” Defined by the Escape Destinations (3), Levels of Sociality (4),

AND Habitat Vegetational Density (3) as per Table 3. Entries are the

Number of Species Placed in a Given Category

Escape destination

Air Herbaceous veg. Woody veg.

Habitat Habitat Habitat

Sociality E M D E M D E M D

Solitary 5 5

Low 2 1 5 2

Moderate 15

High 7 1

block visual contact between would-be flock members, thus negating any

potential benefit from the social detection of predators (Elgar 1989). It

seems unlikely that the escape tactic used by such birds would, in itself,

favor a solitary existence. However, should the herbaceous-vegetation-

dependent escape tactic rely upon dense vegetation, then it may indirectly

favor or maintain a solitary existence.

The factors favoring the relatively solitary existence of Type III species

(Table 3) may not mirror those of Type IV species. In particular, dense

woody vegetation is not nearly as visually impairing as dense grass, and

thus a lack of visual contact between would-be flock members seems an

unlikely reason for a lack of sociality. These birds are also relatively

detectable to predators, yet unsociable. I suspect that the impregnable

nature of dense woody vegetation effectively thwarts or deters predatory

attack. Thus Type III species may experience the costs of sociality (e.g.,

competition, aggression, etc.) to a much greater extent than potential anti-

predatory benefits.

Pulliam and Mills (1977) suggested a “social evasion” strategy for birds

of the exposed habitats typical of Type I birds: prey are easily detected

by predators, thus sociality is maintained largely by the benefits of a social

predator detection system (see also Grzybowski 1983a). This is reason-

able, but the highly gregarious nature of Type I birds may largely reflect

their socially based escape tactic, which may require many birds to be

effective. The relative contribution of predator detection vs escape con-

“ Symbols for escape destinations as per Appendix I.

'’S— largely solitary; L— Low; M— moderate; H — high.

E— exposed; M— moderate density of vegetation; D— dense vegetation.
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Table 3

Possible Basic Suites of Life History Traits for Emberizine Finches

Type Escape destination Sociality Habitat density

I Air High Exposed

II Woody vegetation Low-moderate Moderate

III Woody vegetation Solitary (largely) Dense

IV Herbaceous vegetation Solitary-low Dense

siderations in the maintenance of high sociality in these species is un-

known, but a stronger role for the latter is suggested by the fact that

predator detection levels-olfwith relatively few (e.g., 6-10) flock members
(Lazarus 1979).

Type II species feed in relatively exposed areas in habitats otherwise

relatively rich in woody vegetative cover. Escape from predatory attack

requires a quick dash to cover, which in turn requires the early detection

of predatory attack (Lima 1987b). Thus the benefits of socially based

predator detection are probably a major factor maintaining sociality in

such species. As noted above, these predator detection benefits level-off

at relatively small flock sizes, perhaps explaining the moderate sociality

ofType II species. There appears to be no social component to the woody
cover-dependent escape tactic, thus post-attack escape considerations may
be of little relevance to the maintenance of sociality in Type II species.

The non-random association of traits apparent in Table 2 begs a quan-

titative comparative analysis. However, the individual species in Table

1 probably do not represent independent units ofanalysis, since congeneric

species vary little in their life-history traits. These complications are best

addressed via an explicitly phylogenetic comparative analysis (Brooks

and McLennan 1991, Harvey and Pagel 1991). A major impediment to

such analyses, however, is the lack of complete, rigorously produced phy-

logenetic trees. This problem is apparent in the Emberizinae, although

some emberizine genera have received excellent coverage (Zink 1982,

Zink and Avise 1990). The most comprehensive treatment of this group

of birds can be found in Sibley and Ahlquist (1990). Their phylogeny of

the Emberizinae (their tribe Emberizini) is shown in Fig. 1. This tree

concurs generally in various points of overlap with more limited phylo-

genetic analyses (Zink 1982, Avise et al. 1980), and despite some reser-

vations concerning DNA hybridization (e.g., Houde 1987, Sarich et al.

1989), it appears to be the best available hypothesis of evolutionary re-

lationships among the Emberizinae. Note, however, that this tree is in-

complete and not fully resolved, thus conclusions based on it are tentative.

Fig. 1 indicates the distribution of the basic life-history “types” among
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Type,,

Melospiza II,III

Junco II

Pooecetes FV (II)

Spizella II

Chondestes II

Calamospiza I

Arremonops III

Phrygilus I?,II?

Calcarius I

Emberiza I,II

Plectrophenax I

Fig. 1. Hypothesis (tree) of phylogenetic relationships among some emberizine finches.

This tree is adapted from a portion of fig. 384 (p. 869) of Sibley and Ahlquist ( 1 990), using

genera as the operational taxonomic units (OTU). Basic OTU life-history “types" are char-

acterized as per Table 3 given the information in Table 1. Genera not described in Table

1 were characterized according to available accounts of their natural history: observations

in Ali and Ripley (1974) indicate clearly that the Old-World genus Emberiza comprises

both Type I and II species, while Ridgely and Tudor ( 1 989) indicate clearly that Arremonops

species of Central and South America exhibit Type III characteristics; further observations

in Ridgely and Tudor (1989) suggest (less clearly) that the South American genus Phrygilus

comprises both Type I and II species. The monotypic genus Pooecetes exhibits apparent

geographical variation in escape tactics, hence the ambiguity in type assignment (see also

Table 1). Melospiza sparrows comprise both Type II and III life-histories (Table 1).
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the taxa of this phylogenetic tree. Social, aerial escapers (Type I species)

cluster at the base of the tree. This suggests that the Type I strategy is the

ancestral situation within the Emberizinae, despite the fact that Type II

species comprise the largest group within this subfamily (Table 2). This

is contrary to the suggestion in Pulliam and Mills (1977) that Type I

species (their “social evaders”) arose from a generalist emberizine ances-

tor. Interestingly, the Type I Lark Buntings (Calamospiza) may represent

a reversal to the ancestral Type I situation from the derived vegetation-

dependent (Type II or III?) state; perhaps “phylogenetic inertia” (cfBrooks

and McLennan 1991) in the form of a recent Type II or III ancestor

explains the fact that this species is one of the few Type I strategists that

does not strongly avoid woody cover (Lima 1990).

Most importantly. Fig. 1 suggests that most genera (and species) with

vegetation-based escape tactics are the result of an evolutionary radiation

from a single common ancestor. Thus, the pattern in Table 2 may merely

reflect phylogenetic inertia rather than strong evidence for suites of co-

adapted traits (Brooks and McLennan 1991, Harvey and Pagel 1991).

However, with additional observations of escape behavior and better

phytogenies, future analyses including non-emberizine taxa would prob-

ably show patterns of evolutionary convergence similar to that in Table

2, and thus constitute stronger evidence for the suites of traits identified

in Table 3. For instance, it is clear that almost all socially coordinated

aerial escapers (Appendix I) fit the basic Type I profile, and birds typical

ofdense vegetation such as wrentits (Muscicapidae) and wrens (Troglodyt-

idae) are probably best described by a Type III or IV strategy. Many
woody-cover-dependent passerines such as jays, chickadees, etc., also

appear reasonably well described by a Type II strategy. Of course, the

inclusion of non-passerines into the analysis would probably identify

several additional strategies.

OTHER CORRELATED TRAITS

Escape tactics may be correlated with several other life-history traits

in addition to those discussed above. This brief section offers but a few

possibilities for future investigation.

Morphology and anatomy. —The shapes ofwings and tails, etc., indicate

much about the ecological habits of a given bird (Savile 1957). B. D.

Watts (pers. comm.) suggests that these morphological traits also covary

with escape tactic in some emberizine finches. In particular, he found that

woody-cover-dependent species, compared to herbaceous-cover-depen-

dent species, exhibit lower wing aspect ratios, longer tails, and lower

relative flight muscle mass and heart mass. These differences presumably

correlate with different flight and metabolic requirements during escape.
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Similarly, Benkman (1991) shows that emberizine finches have more flight

muscle mass relative to their bill size than do cardueline finches (see also

Schluter 1988b). He associates this result with dillerences in the risk of

predation in microhabitats frequented by these two groups of birds.

Physiology. —Type 1 species, in their characteristically exposed habitats,

presumably experience a more thermally stressful environment than spe-

cies more closely associated with vegetation (Grzybowski 1 983a). Do Type
I species exhibit enhanced abilities to withstand such physiological stress?

Are such species affected less by wind than vegetation-dependent species?

Do Type 1 species maintain a greater relative mass of feathers than veg-

etation-dependent species (cf Faaborg 1988)? Such considerations are

important in habitat selection (Huey 1991), and may well be traits that

correlate with escape tactics.

Nomadism.—\n apparently unnoticed correlate of the socially coor-

dinated aerial escape tactic is nomadism. Among North American em-
berizines. Snow Buntings, Lark Buntings, and longspurs are well-known

for their erratic geographical distribution between years (Root 1988) and

within seasons (Grzybowski 1983a, b). These species are closely related

(Fig. 1) and thus may exhibit nomadic behavior merely by phylogenetic

inertia. However, similar nomadism is also well-known in Rosy Finches

(Swenson et al. 1988) and crossbills (Root 1988), two aerially escaping

fringillids, as well as in other fringillids (Evening Grosbeaks and Pine

Siskins; Yunick 1983) that may also use such an escape tactic. Nomadism
is also apparent in waxwings (Bombycillidae; Root 1988) and larks (Alau-

didae; Grzybowski 1983a), two apparently distantly-related (Sibley and

Ahlquist 1990), aerially escaping groups. Thus, at least in passerines,

nomadism appears associated with this escape tactic.

Why would nomadism be associated with the socially coordinated aerial

escape tactic? Consider first birds dependent upon vegetation for escape.

It seems reasonable that such birds must be familiar with the location

and nature of escape cover to ensure their safety (cf Metzgar 1967); such

familiarity may be gained only by long-term experience in a given area.

For social aerial escapers, refuge from attack is the group itself rather than

a spatially-variable entity like vegetation. These Type I birds might ex-

perience no “familiarity constraint,” and are therefore free to move widely

in search of food. Thus this escape tactic may enable these birds to spe-

cialize on spatially unpredictable but rich patches of food, much as sug-

gested by Brown (1989) in a temporal context. Of course, nomadism may

be only indirectly associated with the social aerial escape tactic if gregar-

iousness is maintained via social enhancement in the location of food

(Thompson et al. 1974, Valone 1 989) which may be important in nomadic

species. Furthermore, Benkman and Pulliam (1988) link nomadic wan-
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dering in fringillids to the relatively large size and patchy distribution of

the seeds in their diets. They reason that larger seeds provide enough

energy such that daily needs can be met quickly once food is located and

that the time remaining can be devoted to locating additional sources of

food. These explanations are not mutually exclusive, and present an in-

teresting problem in evolutionary biology.

CONCLUSIONS

The birds of North America exhibit diverse escape tactics, and the

diversity documented here may well represent only a fraction of the total.

In particular, the haphazard nature ofliterature reports ofactual predatory

attacks on adult birds has left gaps in the taxonomic survey (Appendix

I). The restriction of observations to the non-breeding season also means
that escape tactics in neotropical migrants and breeding birds have gone

virtually undescribed. This lack of breeding season observations may be

particularly problematic in species with precocial young, whose non-

breeding-season escape tactic may leave young particularly vulnerable to

the attacking predator (e.g.. White and Weeden 1 966; Sordahl 1981, 1 990).

Furthermore, there are undoubtedly predator-specific escape tactics that

have not been identified in this survey, nor has the nature of geographical

and intra-individual variability in escape tactics been determined for any

species. These shortcomings can be rectified only with more observations

on encounters between predators and their avian prey. I suspect that many
such encounters have been witnessed by members of the greater ornitho-

logical community, and I encourage the reporting of such observations

in the detail suggested by this survey.

It is nonetheless clear that a given “class” of escape tactics requires a

certain physical structure(s) within the environment for maximal effec-

tiveness and that a strong factor in habitat choice in many species is the

match between its escape tactic and the physical structure of its environ-

ment. Of course, a species’ escape tactic is but one attribute that will

influence habitat choice; foraging abilities, etc., will also be important.

Nevertheless, much evidence (Lima and Dill 1990) suggests that the be-

havior of birds (and other animals) is strongly influenced by a perceived

risk of predation. Thus, understanding a species’ escape tactic may be

crucial to understanding its perception of risk and, therefore, choice of

habitat.

Further observations of escape tactics, along with advances in avian

phylogenetic systematics, will make possible studies of the evolutionary

correlates of escape tactics that are more rigorous than the ones I have

described above. These studies may also identify suites of correlated traits

in addition to those outlined for emberizine finches and provide much
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greater insight into the way in which escape tactics influence avian eco-

logical systems in general.

Predation has never been a central focus in avian ecology (Wiens 1 989),

and perhaps it is true that predation generally does not directly influence

the dynamics and structure of avian ecological systems. Nevertheless, this

survey presents compelling reasons why predators may still play a major
role in avian ecology. If so, then perhaps future treatments ofavian natural

history (e.g., Ehrlich et al. 1988) will include species-specific accounts of

escape tactics in addition to more traditional information.
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ô



44 THE WILSON BULLETIN • Vol. 105, No. 1, March 1993

On NO m q
n U (N NO
NO Tf oo

q
On (N

rj- On 00

On ^ O

r-
ITN

ON

Ol

O
(U

•c
Uh
(U

<u

00
o

<
<
t

<
c--a
X
o

>

r'
NO
ON

'O
«3

U

s
o
o
c/i

Vi
Oa

(U

(U

Q

t <

> >
t T

"a "a
X X
<u <u

> >

c/5

m
ON

1/3

O

u.
oa

^1^

o a o o
(U a oo oo
00 c/5

On On
Vh
(U

X) O c/3 c/3

a
• ^
H

a • rH

73
73

• ^
73
73

00

3
00

a
O

a
o

o
c/3

<
a"

a
• rH

73
(U < <

c/3 < > >
< a

O t T

(A ^
Vi

^ t

1/3

o
Au
oa
J
c/5

O
r-
ON

lU
!A
Vh

O

>

o o o
oo oo oo
On On On

1/3 (/) t/3

-O ’5 'O
73 T3 "a

cd cti

o o o

< < <

> > >
t T T

1 a
O O

a a a 3 3 3
X X X X X X
(U (U <u (U (U Q->

> > > > > >

(N

<U
cd

73

Sv
oV
<:u

Cj

CJ
><
X)

e
O
CQ

t/3

<U

Vi

.o

C)

S
00
C

• ^

X
03

• cd

^ 'S
c/3 W
s ^
Oh

Vt-H

o

(U
cd

73
• rH

a
$3

O
00
o

a
c/3

(U

•C
(U
c/3

C/3

Cd

a

(N
Vn
O
(N

<U
Cd

73

C
cd

a

e
Vi

c2

•c
o
c/3

C/3

Cd

a

C)
• I"-*

-Cl
s
o

Co

3

•2
•2
s
o

dj 73
^ S

Q o
a (ua
*4 'Ca
E c/5

O cyo ^
e
<ua
t:
o

<ua
o
oo
00
o

2 a

(N

(U
Cd

-a

'Su
a
•I—*

c/5

c/3

<U

c2
•c
<U
c/)

c/5

Cd

Oh

Co
• **«»

-§
s
0-

co

S
C

00
c

cd
»->

c/5

C
cd
<ua
o
Vi

a
a

V(-|

O

<U
03

"a

'S
o
(U
Vh

•

>
\A
(U

e
Vh

cS
C
<u
c/3

C/3

03

a

in

O
n
<D
a
a

cn
;s

•

C3

O
cn

O
CO

O
(U

>

a

o
c/5

C3

o
0-

a
a
u
a
73
•

N
•c
oa
e
a
t/5

a:>

e
Vh

1°

•c
OJ
t/5

C/)

Cd

Oh

73
<u

a

o

C3
Co

C

s;
Cii

(D Vh

-a
u -O
a ^

o

73
<ua
e

i 2 J
a

o

S ^ "5

O

C3
cj

’

s;

3u
a

73
o
l-l

a
o

« 13
iii .a
C3 V
a ^
^ o
o =:
Co (U

>H

C3
•

Vh.

C3
>.

C3

a
5

U
a>

^ ?
•S ^
a ^
Ci w

V-. ^
JIJ ^
a a
a a
^ ?
O O
a _a

a S



Lima • ESCAPE FROM PREDATORY ATTACK 45

Q
Z
uu
Cm
Qu

<

z
h
z
o
o

CQ

E

TD
O
oa

KJ
X
(S

H
CJ
rt

•o

UJ

(/5

(U

4>
(/5

lyi

03

CL

r'

O

<L»

03

C

c

OS

U

in

_D
O

c/2

X)
o

> >
T T

o o

>«i»

"a

2

N C
<U

"i I ^V C/

q —

'

X
ON o O'! o r2
O'J X rn

c/3 C/3

X3 X3
O O

c/3

-O
o

(3N

(U lU

a a
-J J
!Z! C/^

< <

1/3

<ua
c/3

Wh
<ua a Q

-J J
CZ) cz

< <

hJ
-1
cz

c/3

X5
O

(Ua
J
u
czm

Ll Uh

> >
T T

o o

^ ^ ^
> > >

T T T

o o o

•rf

o
o^

<u
C3

C
'n

0/
xs

e
UJ

o
03

."S
's
'C
0/

X)

B
UJ

(/3

t)

03 _O .5

fc c oi- — 1-

O 3 ,0

•N*
••a

Cj

Ci,
*»<•

<u
(U

x:

o
f-

TD
(U

n

u t

Z c-

(U
UJ

o
f-

T3
<u

£ £
’(f

T cn

C 3
(U ,0

i- D
O a:

c/3

X3
o
c/3

<Ua

c/3

X)
o

flja
J hJ
-J J
cz cz

< < < < <

> >
I I

O O

C3
N

•

ex
s:

V Ok
CO ^ T

t:

ou
c_

'§ 2

5: o x:

oSa
cz

C>.

,
• a

(z cz
'5 ^ ^
x:: -E O
-$ O ^

<u
<u
Vh > (U

H o ^
h- 5

ex ^ 03
rs 1 • — c '5' >- o

03 1-

^ C ^
^ o n

03
O
'C o

a x:
cz *r

r--o
a-y

c/3

X)
o
c/3

<u

T3
03

U

D, O
oo

-1 s:j ^
cz u

<u

hr,

O

Uh CZ

£— x:
< >

r t

O <

s.
Sh

O s;
s;

sc

es
to

<U
c/3

C/3

03

Oh

^ "£

O O

o
E
<

-c,

a

a
iX/

s:

2
E
m

u
JH
CO

es ^
.1:1 t
Ci tn
io <r>

^ t
M o.
.£ cz

c J=
3 03

00 c

^ 03

!h
^

03 3J CZ

q
r'’

c/3

X)
O

0/a
J
hJ
cz

00
XI
ON

c
(U

CO

x:

>

a
X
<u

in
• •»«

Co
s:

'Ll

-s:
Cj

C^

I
o
s:

3
o
Ih
Ih
03

a
cz
.
O
D.
a
o
xz
c/3

c/)

03.
o

savannariim)

Song

Sparrow

{Melospiza

melodia)

G

^

Vw,

Vh|

A

SLL,

pers.

obs.

20.8

White-throated

Sparrow

(Zonz/r/c/z/a

aZ/j/coZ/A)

G
-

Vw|A

SLL,

pers.

obs.

•

25.9

Golden-crowned

Sparrow

(Z.

atricapiUa)

G

-

Vw|

A

Bent

(1968),

Cushing

(1939)

28.8

White-crowned

Sparrow

(Z.

leucophrys)

G

-

VwjA,

F

SLL,

pers.

obs.

28.1



46 THE WILSON BULLETIN • Vol. 105, No. 1, March 1993

CQ

E

TD
O
CQ

00 G; rG (05 CN 50 q q
05 CD 00 (N (N (05 G" fG

(N (N G" (r5 00 —
( G-

c
o

3
o
TD
C
cQ

cj

•*>>

<ua
cd
o
U

cd
X
cd

H

hJ
hJ

d c/o

G
g
0 m
0 00

ON
c/5 1—

H

Ih NwX

^

00
o\ c/0

(73

O ^

JO
o

<ua
kJ
h4
c/0

>
T

O

c3 o

3 e
c/5 o
^ DO

o

^ —
> <
T T

o o

§
2 ^

er &
^3 o

5
6
o
o

(Ua
<u

0.^

(U

Q

C/3 ^
C/3 ^ C/3

•o i t o t
c/5 ^ C/5

t T ^ T

< o o

05

s
• »«4

•2 ^ S-

Bit
i I 3
Ps Qj -3:

»P <3^ ^ <3

1

o
S3

O
a
C

0
(C->

c
01

Vh

3a
c/5

DO
G
O-a

tD >, 1-4

3^ V td

o JS
s =3 aG (U

Q J

(U
I

<>3

*»-i

3

O

0

Ga
05
DO
c
0
hJ

T3
(U
i-(

3
3
C->

1

<-<

G
C
(->

(/5

(U

02
U

c/5

O
'̂O

dj 05
a —

'

c/5

C/5

Xi
® C/5

d-§
d C/5^ U
r CJ

d
c/o J
J

DO t/5

O
r

^ >
< ^

T <
o o'

hJ

c/o

oo
SG oo
'do
G

G ^
s3

3 ^'D .Th

^4-H c/3

<D

J*i
o
Q

s
e
o
o

(Ua
s-T

(U

(U

3 Q
<u
•;2 003 o
(73

Uh

> <
t t

< o

< < s -

> >
t T

o o

oo

<4-H

o

05

3
CO
Cj

05
*

3>

3
3
CiJ

~S3

0
Cu

DO
G

• fH
'-*

G
G
m

o
G
C/O

>r5
3
(i;

3
(U -3;

G
G
'C
(U

^ 3
3
3
05

05

3
05

3
'

3
• ^
a/ ^G 3^

3
3^

(::>

CJ

"G

X)

CJ
G

N
'C
(U

X>

e _
UJ P3

T3
(U
DO
G

• ^

I

X!
(U

c/5

(U

CO

3
3
*>0

w.
GC DO ^H (-. >

Vh

3
•

L̂h
(U
c/3

o
•G
G
OJ

s

03

;s
"—

»

*>3
• >»>«»

O)

(U

3
CJ
G
i-i

o
G
O
6
S
o
U

t
•o
V-i

• ^

I ^
o a
U a

CAIG ^
(U *'

X) "(J5

G X
(U )-i

3 3

G 3o :G
u. PQm 3

r- Tt ir5 50 O
3 50 3 cx
fNl (N ro (N ^

O
G-
05^ C/5w ^
DO O
G .

'G c^
G Wh

• :H (U

^ a
^ J^ hJ

^ 00
DO

^ <
< T
<>
t

'

o

e
e
o
CJ

(Ua
g"

G
6
Jxi

G
(U

s
s
o
CJ

C/3U
a->a
cT

B

G
(U

m pa

u u
c^. c^.
DO DO
CJ CJ
c/5 c/5

< <

< <
t T

a a
x X
OJ (U

> >

x>
G
x>
o
I-.a
c/5

o >m O
05 'J

^ X
o o
G
G

O

(U
C-. a
DO G
y 'J*
C« c/5— aj
c/o . .

(U

< o
t

05
3
3
33

§ s
c: S
w ^
2 g
§

cij U
Ph kJ ^^ X

e
cj G

•S '\Z

pH

3

50

<u
G
x)

DO
G
'C

c/5

(U

i.

05 Cij

0 ^'

? s

CJ

3
P\ V

^
O3

u
a
'C
d)
(/5

(U

c« G
- 3 a
^ pci K

s !4 ^

3 53

2 ^
^ o r
So g.
— TD— (U (U

DO qT
G
•r- C

O
6

•- BX ^

X
c/5

c/5

O
Sh

u (U

X3
(U CG O
a: ^ u

(/5

d)

o
(Ua
c/5

X
(U
Whu

(U



Lima ESCAPE FROM PREDATORY ATTACK 47

X
Q
Z
u
Dh
Oh

<

Q
u
D
Z
P
z
o
u

On

(N

C
o
<->

T3

<

NO
ON

<u

T3
cd

U

>

>
I

o

E
S
o
u

(U
D.

o'
O
<—*

JIJ

TO

<

G 00

I ^
O cyoo _
<ua
O

'

•>5
*

0
JO
u
c

tXO

2
o
O
c
cd
o
'C
(U

e
<

r-

r-

to

X)
O

(U

O.

J
J
on

o
OO
ON

Vh
cd

e
cd

03

>
t

o

fNl

o

fU
cd

T3
•c
(U
(/)

(/)

cd

0-

(/)

o

(U
t/)

to
cd

D-

o .5

^ cd W)

S C

Co

S
Nj

•

sr>

"§

V.
Cij

02
Co

a
Oh

O
Vh
t-
cd

Cl
CO

(U
c/)

3
O
X



Wilson Bull., 105(1), 1993, pp. 48-59

RE-EVALUATION OF MORPH-SPECIFIC VARIATIONS
IN PARENTAL BEHAVIOR OF THE
WHITE-THROATED SPARROW

Jeffrey G. Kopachena*’^ and J. Bruce Falls*

Abstract.—We studied White-throated Sparrows (Zonotrichia albicollis) to determine

whether morph-specific variations in parental care are typical of this species and whether

the influence of neighbors could account for the occurrence of such variations in some

samples but not in others. White-striped males made fewer provisioning trips than did tan-

striped females. The provisioning rates of tan-striped males and white-striped females were

intermediate. Parental care was not affected by the number of neighbors, neighbor singing,

local density, or territory size. White-striped male provisioning was positively correlated

with the length of their shared territory boundary and their song rates. These effects are

likely due to male condition rather than the influence of neighbors. Such variations in the

provisioning behavior ofwhite-striped males could account for the lack ofmorphic variation

found in some samples. Received 29 May 1992, accepted 21 Sept. 1992.

During the breeding season, White-throated Sparrows {Zonotrichia al-

bicollis), possess a discrete plumage polymorphism (white-striped morph,

tan-striped morph; Lowther 1961) that is associated with a chromosomal
polymorphism (Thorneycroft 1975). This polymorphism is maintained

within populations by negative assortative mating. Thus, over 90% of the

breeding population consists oftwo pair types: white-striped males mated
with tan-striped females and tan-striped males mated with white-striped

females. To understand why polymorphism in the White-throated Spar-

row persists, it is necessary to determine what factors promote negative

assortative mating.

Knapton and Falls (1983) documented morphic differences in the pa-

rental behavior ofWhite-throated Sparrows. They found that white-striped

males made fewer provisioning trips to nestlings than did tan-striped

females. Tan-striped males and white-striped females had intermediate

provisioning rates and did not differ from each other. These results led

Knapton and Falls (1983) to suggest that morphic variations in parental

care might favor negative assortative mating. Furthermore, because the

overall performance of the two pair types was equivalent, negative as-

sortative mating was viewed as a stable strategy in which neither pair

type experienced a reproductive advantage (see also Knapton et al. 1984).

A more recent study by Whillans and Falls (1990) failed to find morphic

differences in parental care. This latter result casts doubt on the role of

' Dept. ofZoology, Univ. of Toronto, Toronto, Ontario, Canada, MSS lAl.

2 Present address: Dept, of Biology, Queen’s Univ., Kingston, Ontario, Canada, K7L 3N6.
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parental care in promoting negative assortative mating. Therefore, ad-

ditional data are necessary, first to determine whether parental care does

vary with morph and sex, and second, to determine what parameters

influence parental care and might be responsible for the different results

of the two studies.

Whillans and Falls (1990) suggested that different results could arise

from differences between the study areas used. In particular, because

white-striped males appear to be more responsive to conspecific song than

are tan-striped males (Lowther 1962), they might provide less care to

their young in areas of high population density where more birds are

singing and interactions between neighbors are more frequent. Under such

conditions morphic differences in parental care would be pronounced. On
the other hand, where the population density is lower, white-striped males

might provide more care toward their young. In this circumstance, mor-
phic differences in parental care might not be evident. Whillans and Falls

(1990) noted that their study area had a lower population density than

the study area used by Knapton and Falls (1983).

Objectives of the current study were to determine whether morphic

differences in parental performance occur among White-throated Spar-

rows and to test the prediction proposed by Whillans and Falls (1990)

that parental performance among morph and sex classes might be influ-

enced by neighboring conspecifics.

METHODS

We observed parental behavior ofWhite-throated Sparrows in Algonquin Provincial Park,

Ontario, Canada, from 1 986 to 1988. We found nests during the incubation stage by flushing

the females from their nests. We then visited each nest daily to determine the date ofhatching.

On the fourth day post-hatching we set up a blind 3-10 m from the nest in a location that

allowed us to identify the adults as they entered to feed the young. Since the normal brood

size for this species is three to five young (Knapton et al. 1 984) we confined our observations

to nests that contained three or more young.

As in the studies of Knapton and Falls (1983) and Whillans and Falls (1990), our obser-

vations of parental care were conducted on days 5 to 8 post-hatching. The observation

protocol consisted of two 100-min observation periods per day; one during the morning

between 07:00 and 12:00 h EST and one during the evening between 17:00 and 21:30 h

EST. We divided each 100-min observation period in the following way. During the first

20 min we collected data on the number of provisioning trips made by each parent and the

number of times the male and each contiguous neighboring male sang. To collect data on

the singing behavior of focal males and their neighbors, we identified the individual song

types of each bird when the territories were mapped (see below). During the next 60 min,

we concentrated on observing the provisioning behavior of the parents. In 1986, we doc-

umented the number of trips made by each parent. In 1987 and 1988, we collected data on

the number of provisioning trips made by each parent, the number of items delivered, the

length and width of each item delivered, and the types of items delivered (identified to

order). Observations conducted during the last 20 min repeated those made during the first
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20 min. In this way, each 100-min observation period consisted of 40 min of song and nest

observation and 60 min of detailed nest observation.

We estimated the length and width of prey items by comparing the items to the length

of the parent’s bill (x = 1.2 cm, N = 26, measures taken from adults during May and June

1989) (for a critique on estimating prey sizes from bill lengths see Goss-Custard et al. 1987).

However, we could only collect data on prey size and type when the parents were close

enough that the items were clearly visible. This meant that we could not collect data from

some, more cryptically behaving, parents. In addition, to improve the accuracy of our

estimates, we excluded from the analyses any birds for which data were collected from less

than 20 provisioning trips. Lepidoptera larvae appeared to be a preferred item (see also

Knapton and Falls 1983). Therefore, we quantified the type of food delivered by estimating

the proportion of food items that were Lepidoptera larvae.

Between the first and fourth days post-hatching we mapped the territories using a Uher

Report IC stereo tape recorder and the playback method of Falls (1981). The boundaries

of the territory were determined from the behavior of the focal birds and their neighbors

and were marked with flagging tape. When a boundary was shared between a focal bird and

a neighbor, it was marked half-way between the most extreme approaches of the neighbor

and the focal bird. Birds that did not approach within 30 m ofeach other were not considered

to be contiguous neighbors, and we defined these boundaries as uncontested. This occurred

when the territories were separated by tracts of unsuitable habitat (dense forest, open fields,

ponds, rivers). We marked the boundaries using between 10 and 41 flags, depending on the

size of the territory, the density of the habitat, and the number of neighbors. Our measure-

ments of distances between markers were made by pacing the straight-line distance between

each marker. Repeated trials against known distances indicated that one pace was equivalent

to about 0.9 m.

Using the data generated from the mapping procedure, we examined the influence of

neighboring White-throated Sparrows on parental care by relating provisioning rates to the

number of contiguous neighbors, the song rate of neighbors, and the length of the territory

boundary that was shared with neighbors (shared boundary). Since intra-specific competition

can influence the size of territories (Krebs 1971, Zimmerman 1971, Myers et al. 1979, Wiens

et al. 1985), we also looked for relationships between provisioning rate and the area (m^)

ofthe territory, the length ofthe territory perimeter, and the local population density (number

of neighbors divided by the area [m^] of the territory).

Most of our statistical analyses were based on parametric tests (after testing for normality

and equal variances) (Neter and Wasserman 1974). However, when comparing groups with

sample sizes of less than 1 9 observations, we used the non-parametric tests described in

Pratt and Gibbons (1981). Because of the number of tests involved (see Tables 2 and 3) it

was necessary to correct the critical value ofP using the Bonferroni method (Rice 1989) or,

in the case of the comparisons made in Fig. 1 ,
Duncan’s Multiple Comparisons Procedure.

Therefore, for the analyses presented in Table 1 we used 0.003 as the critical value of P.

For the analyses presented in Tables 2, 3, and 4 we considered a test significant only if the

value of P was less than 0.0018. In Table 5, a comparison was considered significant only

if the value of P was less than 0.012.

RESULTS

Morph and sex differences in provisioning behavior. —We observed pa-

rental behavior at 39 nests (19 white-striped male x tan-striped female

pairs, 20 tan-striped male x white-striped female pairs). There was a

slight tendency among all morphs and sexes for the rate of provisioning
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Fig. 1. Mean parental provisioning trips per hour of each morph and sex class. Bars

represent ± 1 SE, lines within bars represent means, and numbers over bars are sample sizes.

trips to increase with brood size, but in no case was this effect significant

(Kruskal-Wallis Tests, separate tests for each morph and sex class, P all

>0.05). We also found no significant difference in the number of young

fledged by each pair type (Wilcoxon’s Rank-Sum Test, = 377.5, P =

0.9519). For the following analyses, we combined data from different

brood sizes.

We found no evidence that male and female provisioning rates were

correlated among white-striped male x tan-striped female pairs (Pearson’s

Correlation Coefficient; r = 0.202, P = 0.4064). Among tan-striped male

X white-striped female pairs there was a tendency for male and female

provisioning rates to be correlated, but the effect was not statistically

significant in this sample (r = 0.439, P = 0.0529). For subsequent analyses

we treated each morph and sex class as if they were independent.

Our data indicated that white-striped male provisioning rates were

lower than tan-striped male provisioning rates, tan-striped male provi-

sioning rates did not differ from white-striped female provisioning rates,

and white-striped female provisioning rates were lower than tan-striped

female provisioning rates (Fig. 1) (Duncan’s Multiple Comparisons Pro-

cedure, P < 0.05). In spite of these differences, there appeared to be no
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Table 1

The Number, Size, and Type of Food Delivered to Nestlings by Each Morph and

Sex Class

White-striped Tan-striped

Male Female Male Female df pa

Number of items per trip

Median 1.87 1.76 1.93 1.65 2.21 3 0.5309

Range 1.21-2.24 1.14-2.40 1.31-2.41 1.25-2.71

N 8 15 13 10

Length of items (cm)

Median 1.59 1.42 1.46 1.34 3.40 3 0.3341

Range 1.33-2.37 1.02-1.89 1.04-2.04 0.90-2.59

N 8 15 13 10

Width of items (cm)

Median 0.45 0.30 0.31 0.38 5.93 3 0.1150

Range 0.25-0.51 0.26-0.41 0.26-0.47 0.23-0.50

N 8 15 13 10

Lepidopteran larvae*’

Median 0.54 0.67 0.62 0.54 4.59 3 0.2044

Range 0.37-0.73 0.32-0.98 0.36-0.96 0.20-0.69

N 8 15 13 10

“ Probability based on Kruskal-Wallis tests (chi-square approximation).

The proportion of lepidopteran larvae among items delivered to the young.

difference in the overall provisioning rates of white-striped male x tan-

striped female pairs and tan-striped male x white-striped female pairs

(Wilcoxon’s Rank-Sum Test, 5* = 408.5, P = 0.4232).

We compared the size and type of food delivered to the young by each

morph and sex class (Table 1) and found no evidence that they differed

in the number of items brought per trip, the length of food items, the

width of food items, or in the proportion of Lepidoptera larvae delivered.

Furthermore, within each morph and sex class, we found that none of

these measures was correlated with provisioning rate {P all >0.05).

Possible influence of neighboring conspecifics.—WQ found no evidence

among any of the morph and sex classes that provisioning rates were

influenced by the number of contiguous neighbors (Table 2). Similarly,

we found no evidence that provisioning rates were related to the area of

the territory, the local density, or the length of the territory perimeter

(Table 3). There was also no evidence that the provisioning rates of tan-

striped males, tan-striped females, and white-striped females were related

to the length of the territory boundary shared with neighbors (Table 3).



Kopachena and Falls • PARENTAL CARE IN WHITE-THROATED SPARROWS 53

Table 2

The Relationship between the Number of Contiguous Neighbors and Parental

Provisioning Rate within Each Morph and Sex Class

Morph/sex class

Number of contiguous neighbors

2-3 4 5-7 df

White-Striped male

Median 2.8 3.3 3.6 4.6 2 0.10

Range 2.0-3.

5

2. 5-5.

7

3. 2-4.6

N 6 8 5

White-striped female

Median 4.2 3.8 4.0 1.5 2 0.46

Range 3. 4-6.0 2.3-5.0 3.9-6.

8

N 10 7 3 •

Tan-striped male

Median 4.1 4.1 3.6 0.3 2 0.86

Range 2. 7-5.0 3. 7-4.7 3.2-5.

5

N 10 7 3

Tan-striped female

Median 4.7 4.8 6.1 1.5 2 0.48

Range 3.4-6.2 2.9-6.

1

3.2-6.9

N 6 8 5

“ Probability based on Kruskal-Wallis tests (chi-square approximation).

However, for white-striped males, there was a positive correlation be-

tween provisioning rate and the length of the shared boundary (Table 3).

There appeared to be no systematic variation in the provisioning rates

oftan-striped males relative to the rate at which they sang or the combined

rate at which all of their neighbors sang (Table 4). Similarly, the provi-

sioning rates of white-striped females and tan-striped females appeared

to be unaffected by the rates at which their mates sang or the rate of

neighbor singing. For white-striped males, provisioning rates were posi-

tively related to their own song rates but not to the song rates of their

neighbors (Table 4).

Thus, for white-striped males, both the length of the shared boundar\’

and song rate appeared to predict provisioning rate. However, we found

that these variables were correlated to each other (Pearson’s Correlation

Coefficient; r = 0.549, N = \9, P = 0.0150). Therefore, we conducted

multiple regressions and examined the extra sums of squares for each

variable (Neter and Wasserman 1974). These analyses indicated that when

the length of the shared boundary was accounted for, song rates remained

correlated with provisioning rates (Coefficient of Partial Determination,
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Table 3

Correlations between Territory Parameters and Parental Provisioning Rates

WITHIN Each Morph and Sex Class

White-striped Tan-striped

Parameter Male Female Male Female

Size of territory (area)

Pearson’s r -0.026 -0.203 -0.168 -0.012

P 0.9353 0.4042 0.4913 0.9712

N 12 19 19 12

Territory perimeter

Pearson’s r 0.185 0.204 -0.043 -0.128

P 0.5644 0.4012 0.8612 0.6913

N 12 19 19 12

Neighbor density^*

Pearson’s r 0.169 -0.117 -0.135 0.049

P 0.4886 0.6551 0.6053 0.8408

N 19 20 20 19

Shared boundary'^

Pearson’s r 0.733 -0.183 -0.030 0.253

P 0.0004 0.4335 0.9020 0.2963

N 19 20 20 19

“ Number of contiguous neighbors divided by territory size.

*’ Length of territory boundary shared with contiguous neighbors.

= 0.34, F = 5.48, df = 1, 16, P = 0.0325). Similarly, when we corrected

for song rate, we found that the length of the shared boundary remained

correlated with provisioning rates (coefficient of partial determination,

F = 0.524, F = 8.39, df = 1, \6, P = 0.0105).

The relationships between white-striped male provisioning rates, the

length of their shared boundaries, and their song rates could influence the

interpretation of morphic differences in provisioning the young. Where
shared boundaries were short (i.e., less than the median length of shared

boundary), or song rates were low (i.e., less than the median song rate),

low provisioning rates by white-striped males resulted in significant mor-
phic variations in provisioning behavior (Table 5). On the other hand,

where shared boundaries were long (i.e., greater than the median length

of shared boundary), or song rates were high (i.e., greater than the median

song rate), the provisioning rates of white-striped males were higher, and

there was no statistical difference between morph and sex classes in pro-

visioning rates (Table 5).
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Table 4
Correlations between Song Activity and Provisioning Rates within Each Morph

AND Sex Class

White-striped Tan-striped

Parameter Male Female Male Female

Male songs per hour

Pearson’s r 0.689 0.021 -0.082 0.025

P 0.0011 0.9325 0.7385 0.9197

N 19 19 19 19

Neighbor songs per hour'

Pearson’s r 0.508 0.136 0.066 0.084

P 0.0264 0.5794 0.7893 0.7321

N 19 19 19 19

“ Number of songs emitted per hour by all contiguous neighbors.

Table 5

THE Influence of Shared Boundary and Focal Male Song Rates on the Detection

OF Morphic Differences in Parental Provisioning Rates

Context

Parental provisioning rate

df p.

White-striped Tan-striped

Male Female Male Female

Below median shared boundary

Median 2.7 4.1 4.1 5.0 15.6 3 0.001

Range 2.0-3.

5

2. 3-6.0 2.7-4.9 3.4-6.2

N 7 12 12 7

Above median shared boundary

Median 3.5 4.1 4.2 4.8 4.2 3 0.241

Range 2.8-5.

7

2.3-6.

8

3. 6-5.

5

2.9-6.9

N 12 7 7 12

Below median song rate

Median 3.0 4.2 4.1 5.1 13.4 3 0.004

Range 2.0-4.0 2.3-6.0 2.7-5.0 3.4-6.

2

N 9 9 9 9

Above median song rate

Median 3.5 4.1 4.1 4.7 3.6 3 0.314

Range 2.8-5.

7

3.4-6.

8

3. 2-5.

5

2.9-6.

9

N 10 10 10 10

Probability based on Kruskal-Wallis tests (chi-square approximation).
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DISCUSSION

Among the White-throated Sparrows we observed in this study, white-

striped males provided fewer provisioning trips to nestlings than did tan-

striped females. Tan-striped males and white-striped females were found

to have provisioning rates that were intermediate to those ofwhite-striped

males and tan-striped females. The combined rates of food delivery by

white-striped male x tan-striped female pairs and by tan-striped male x

white-striped female pairs were equivalent. These results are consistent

with the results obtained by Knapton and Falls (1983). As was found in

their study, we found no evidence that differences in the number of de-

livery trips to nestlings were compensated for by differences in the size,

number, or types offood delivered. This suggested that morphic variations

in parental performance were limited to differences in provisioning rate

that, in turn, corresponded to differences in the amount of food delivered

to the young.

Whillans and Falls (1990) found no differences in provisioning among
morph and sex classes of White-throated Sparrows. This result, in part,

could be due to the small samples used in their study (N = 10 for each

morph and sex class). Whillans and Falls (1990) also suggested that the

difference between the results oftheir study and that ofKnapton and Falls

(1983) might be attributable to differences in population density. The
results of our study indicated that local population density, the number
of neighbors, and the song rates of neighbors had no important effect on
provisioning behavior.

The provisioning rates of white-striped males were positively related

to the length of their shared territory boundary and with the rate at which

these males sang. As a result, under conditions where territories had short

shared boundaries and focal male song rates were low, differences in

provisioning behavior between the morph and sex classes were more
pronounced. Where shared boundaries were long and song rates were

high, these differences were not statistically significant. If many of the

pairs examined by Knapton and Falls (1983) possessed territories with

short shared boundaries and many of the pairs examined by Whillans

and Falls (1990) possessed long shared boundaries, the observed discrep-

ancy between the results of the two studies would be expected.

Uncontested boundaries differed from shared boundaries in that these

portions of the boundary generally occurred in areas where the habitat

was unsuitable. Conversely, shared boundaries appeared to occur in areas

where the habitat was suitable. In these latter areas, it is likely that, in

the absence of defensive effort by the territory owner, either a neighbor

or another bird would attempt to occupy that portion of the territory.
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Consequently, long shared boundaries should require more effort to de-

fend than short shared boundaries. Therefore, the length of the shared

boundary incorporates attributes of both the quality of the area defended

and the level of effort needed to defend it.

For white-striped males, we found that the length of their shared bound-
ary was positively related to their song rates. Since song rates may be

associated with male condition (Reid 1987), it is possible that for white-

striped males, song rate, and consequently the length of the shared bound-
ary, is also related to physical condition.

This latter suggestion may be supported by the observation that pro-

visioning rates and song rates by white-striped males were positively

correlated. In many species, there is a negative relationship between male

aggressive performance (such as singing behavior) and parental care

(Wingfield et al. 1990, but see also Greig-Smith 1982). This effect may
be due to either the antagonistic influences of hormones on reproductive

behavior (Balthazart 1983) or to energetic trade-offs of reproductive in-

vestment (Williams 1966, Cody 1966). A positive relationship among
white-striped males between provisioning behavior and song rate implies

that these males differed from each other, not in the activity of hormones,

but in the total amount of energy being devoted to current reproduction.

Greater levels ofreproductive investment imply better physical condition.

Unlike in white-striped males, there was no evidence of systematic

relationships between provisioning behavior, male song rate, and the

length of the shared boundary among white-striped females, tan-striped

males, and tan-striped females. For these birds we found no evidence that

the length of the shared boundary might be related to physical condition.

Knapton and Falls (1983) observed the parental behavior oftwo white-

striped male x white-striped female pairs. They found no evidence that

either sex compensated for the behavior of their mates, suggesting that

differences in provisioning behavior may be relatively fixed within the

morph and sex classes. Such variations in parental care should influence

the reproductive success of pairs and might have implications for pro-

moting negative assortative mating and the maintenance of polymor-

phism in White-throated Sparrows. Plumage color, song rates, and the

length of the shared boundary could be assessed by females and might be

useful ifthey used expected parental performance as a criterion in choosing

mates. Similarly, since female provisioning behavior varies according to

morph, males might exercise choices among females, using plumage color

as a signal of expected parental performance. If so, then in general, tan-

striped males and tan-striped females should preferentially pair together

because such pairs should exhibit the greatest parental performance. The

exception should occur for that half of the male population that occupy
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territories with longer than the median shared boundary. In this case,

preferences for morph may not be as important. The preceding scenario

would predict the occurrence of a large number of tan-striped male x

tan-striped female pairs among the breeding population. However, this

prediction is not borne out by the low frequency (1.0%) of these pairs

actually observed in the population (Kopachena 1992).

Thus, negative assortative mating among White-throated Sparrows can-

not be explained simply on the basis of mate choices among males and

females attempting to maximize parental care toward the young. While

parental care may be important, a satisfactory explanation ofwhy negative

assortative mating persists in the White-throated Sparrow requires the

incorporation of additional factors. Previous studies (Lowther 1962; Ko-
pachena 1992; Loncke, unpubl. data) have indicated that there are also

morphic variations in aggressive performance. It is possible that these

differences, in conjunction with morphic variations in parental care, rep-

resent a suite of reproductive strategies that favor a negative assortative

mating system.
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BREEDING GROUND FIDELITY AND
MATE RETENTION IN THE
PACIFIC GOLDEN-PLOVER

Oscar W. Johnson,' Peter G. Connors,^

Phillip L. Bruner," and John L. Maron"

Abstract.—We found male-biased site fidelity in Pacific Golden-Plovers (Pluvialisfulva)

on breeding grounds in western Alaska. Males (8 of 8) returned to the same territories

annually, while few females (1 of 4) were seen in subsequent seasons. Nest sites in successive

years were usually within 100 m, and the same nest cup may be used in more than one

year. First-year birds of both sexes mated with older birds and also with each other, but

first-year females may breed less commonly than first-year males. The numbers of nesting

birds on our study sites varied sharply both within and between seasons. Received 13 Jan.

1992, accepted 21 May 1992.

The Pacific Golden-Plover {Pluvialisfulva) is a monogamous shorebird

in which both parents defend the breeding territory and care for the young.

Recent studies indicate that this bird is a separate species from the Amer-
ican Golden-Plover {P. dominica). The two forms mate assortatively in

areas of sympatry, and show clear differences in breeding vocalizations,

nesting habitats, and plumages (Connors 1983, Connors et al. 1993).

Despite resolution of taxonomic questions, many aspects of the breeding

biology of P. fulva are poorly understood. Much of what is known about

this plover’s breeding habits comes from Sauer’s work (1962) on St. Law-
rence Island, but that study covered only a single breeding season and

did not involve uniquely marked birds. Although Pacific Golden-Plovers

of both sexes are known to be very site faithful on wintering grounds

(Johnson et al. 1989), information regarding breeding site fidelity and

mate retention was lacking. In fact, the only previous study of breeding

ground fidelity in the genus Pluvialis was Parr’s (1980) investigation of

the Eurasian Golden-Plover (P. apricaria).

During parts of four summers, we observed marked Pacific Golden-

Plovers on breeding grounds in western Alaska. We now report findings

on site fidelity, mate retention, annual variation in local abundance, and

other features of reproductive behavior.

METHODS

Work was conducted each June from 1 988-199 1 at two sites along roads emanating from

Nome, Alaska. Our two study areas were located near the Feather River, at mile 37 on the

' Dept, of Biology, Montana State Univ., Bozeman, Montana 59717.

2 Univ. of California, Davis, Bodega Marine Laboratory, Bodega Bay, California 94923.

^ Dept, of Biology, Brigham Young Univ.-Hawaii, Laie, Hawaii 96762.
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Nome-Teller Road (Lat. 64°51'N, Long. 166°05'W), and near Nuggel Creek at mile 31 on

the Nome-Kougerok Road (Lat. 64°54'N, Long. 165°14'W). The Feather River study area

covers about 550 ha, the Nugget Creek site about 350 ha. The Feather River site was readily

accessible by road in each year; Nugget Creek could not be reached in 1989 because of

heavy snowfall. Straight line distance between the two sites is approximately 45 km. Connors

et al. (1993) give further descriptions of both areas.

We captured plovers with nest traps and each bird was marked with a unique combination

of color bands plus a USFWS aluminum band. We banded eight males (four adults, four

first-year birds) and five females (four adults, one first-year bird), including both members
of the pair in six instances. Trapping had to be timed relative to incubation schedules.

Typically, males incubated during the daytime (about 08:00-20:00 h) and females at night

(about 20:00-08:00 h). A small survey flag was set at 12 paces from each nest to facilitate

finding nests within and between seasons. We conducted systematic searches of the study

areas in each season to locate and monitor banded birds. If we were unable to find a bird

banded in a previous season, we expanded our search 1-2 km beyond the boundaries of

the study sites.

We collected ten plovers for related taxonomic studies. These were taken by shotgun at

various sites along the road system well away from the study areas. Age and sex criteria for

all birds (banded and collected) followed Johnson and Johnson (1983): first-year individuals

show worn juvenile primaries, and the sexes are dimorphic in breeding plumage. Also, the

reproductive organs of collected birds were examined by dissection.

RESULTS AND DISCUSSION

Sex-biased philopatry. —Among shorebirds, high rates of breeding area

fidelity typically occur in species exhibiting monogamy, biparental care

of young, and joint defense of a breeding territory. This relationship

suggests that site familiarity is of major significance during competition

for resources (Oring and Lank 1984, Colwell and Oring 1 989). Greenwood

(1980) hypothesized that “partitioning of resources by males prior to

selection of mates by females should result in female dispersal.” This

would lead to sex-biased philopatry in which males would be more site-

faithful than females. Statistical evidence favoring Greenwood’s predic-

tions has been rare in studies of shorebirds. In various species, including

the Eurasian Golden-Plover (Parr 1980), the return rates of males and

females are nearly equal or favor males only slightly (Oring and Lank

1984; Gratto et al. 1985; Haig and Oring 1988a, b; Colwell and Oring

1989; Thompson and Hale 1989; Schamel and Tracy 1991). Contrary to

these widespread observations, our results appear to support Greenwood’s

hypothesis. We found that males were very site-faithful to specific terri-

tories. All eight banded males were found near previous nests in years

subsequent to banding. Of the four females banded prior to 1991, only

one (No. 6, Fig. 1) was seen in a subsequent season. Thus, new pairings

were the norm and re-mating the exception (Figs. 1 and 2). Similar male-

biased fidelity was reported in Killdeers {Charadrius vociferus\ Lenington

and Mace 1975) and in Wilson’s Phalaropes {Phalaropus tricolor, Colwell
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1988 1989
(4-16 June) (3-13 June)

1990
(21-28 June)

1991

(12-19 June)

1 . Adult male same terr., nest
* *

not found

same terr., nest * same terr. ,
no

found nesting behavior

* * *

Fig. 1. Observation of P. fulva banded at Feather River (mile 37, Nome-Teller Road).

Each individual is numbered in accordance with the sequence ofbanding, and its subsequent

history is traced from left to right. An asterisk indicates that the bird was not found in that

year. Each banded pair is designated by a letter and enclosed in a rectangle. Dates indicate

the period of field work in each year.

same terr., different

mate, nest found
E

9. Adult female

5. 1st year male

B

same terr., different

mate, nest found

*

6. Adult female new terr., different same terr., nest

mate, nest found not found
D D

8. 1st year male same terr.

same terr., different

mate, nest found
C

7. Adult female

2. Adult male

3. 1st year female

A

4. Adult male

et al. 1988). Colwell and Oring (1989) found no sex-bias among Killdeers

but their sample was small.

Additional studies involving larger numbers of female P. fulva will be

necessary to substantiate present findings. The possibility that chance

mortality in our small sample of females has been misinterpreted as

dispersal cannot be ruled out, although 0% mortality of males vs 75%
mortality of females is statistically unlikely {P = 0.018, by Fisher’s Exact

Test). That the natural rigors ofreproduction might cause females to suffer

higher mortality than males is another possibility, but this is not supported

by observations from the wintering grounds. There has been no significant

difference between sexes {P = 0.706) in the survival of color-banded

plovers monitored over 12 seasons (N = 73 males, 50 females) on Oahu,

Hawaiian Islands (Johnson and Bruner, unpubl. data). Assuming that

survival in breeding males and females is equal and that female P. fulva

do indeed disperse, the sex-bias might reflect differences in arrival times
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1988 1989
(4-16 June) (3-13 June)

1990
(21-28 June)

1991

(12-19 June)

1 . 1st year male site inaccessible same terr., same
nest cup as in 1988

2. Adult male

3. 1st year male

A

4. Adult female

same terr., nest about

120m from 1988 nest,

hatching 28 June

same terr. on 15 June,

no nesting behavior,

not seen during final

visit on 18 June

same terr., different mate,

nest about 370m from 1 988
nest, hatching 28 June

Fig. 2. Observations of P. fulva banded at Nugget Creek (mile 31, Nome-Kougerok
Road). See legend. Fig. 1

.

(see Oring and Lank 1984). Returning females may find their previous

mates already taken and thus be forced to move elsewhere. The only

female we observed in more than one season (No. 6, Fig. 1) was mated
in 1988 to male No. 5, forming Pair B. The following year she joined a

new male (No. 8), producing Pair D, and male No. 5 mated with an

unbanded female. The two territories in which these rearrangements took

place were adjacent, with the nest sites about 400 m apart. Had similar

shifts over relatively short distances occurred with other banded females

it is likely that we would have found them. This suggests that females

usually disperse longer distances than female No. 6. Lengthy female dis-

persal movements occur in other plovers. Wilcox (1959) reported that

female Piping Plovers (C. melodus) taking new mates moved an average

distance of about 1250 m, with some individuals dispersing much farther

(also see Haig and Oring 1988b).

In 1990, female No. 6 and male No. 8 re-mated (pair D), but in 1991,

male No. 8 was mated to a different female (forming Pair E), and female

No. 6 was not found (Fig. 1). Infrequent re-mating similar to this has

been reported in Killdeers (Lenington and Mace 1975), Piping Plovers

(Wilcox 1959, Haig and Oring 1988a), and Ringed Plovers {Charadrius

hiaticula\ Laven 1940). In various other shorebirds, including the Eur-

asian Golden-Plover, re-mating is common (Parr 1980, Wiens and Cuth-

bert 1988).

In other species, age and breeding experience influence return rates,

and successful breeders are more likely to return (for references see Colwell

and Oring 1989). We have no data on fledging success and scant data on

hatching success among our banded plovers. However, with respect to
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Table 1

Age-Related Pairing in the Pacific Golden-Plover

Male : female Banded Collected Total

Adult : adult 3 2 5

First-year ; adult 3 0 3

Adult : first-year 1 0 1

First-year : first-year 0 1 1

age and breeding experience, it is notable that four ofthe eight site-faithful

males were banded as inexperienced hrst-year birds, while only one of

four site-unfaithful females was a first-year individual.

Nest locations.— Most nests were located close to the last known nest

(used one or two seasons previously). All (N = 4) of the nests at Feather

River were within 100 m of the last known nest. At Nugget Creek we can

only compare the locations of nests used in 1988 and 1990 (the area was

inaccessible in 1989, and no plovers were found nesting in 1991). One
bird used the same nest cup in both years; two others moved to new sites

over distances of about 120 m and 370 m, respectively (Fig. 2). Reuse of

the same nest has been reported in Eurasian Golden-Plovers (Parr 1980),

Semipalmated Sandpipers {Calidris pusilla\ Gratto et al. 1985), Western

Sandpipers (C. mauri'. Holmes 1971), and Common Greenshanks {Tringa

nebularia\ Thompson et al. 1988). While searching for plover No. 2 at

Nugget Creek in 1991, we found two nest cups located near the bird’s

1988 and 1 990 cups. They were very similar to the latter, perfectly formed

and trimmed with lichens, and probably were nest cups used by No. 2 in

other years. The four nests fell along a roughly L-shaped pattern of di-

mensions 120 m X 48 m.

Age-related pairing and first-year breeding.— pairs were com-
posed of either two adults (Pairs C, D in 1990, and E, Fig. 1) or an adult

with a first-year bird (Pairs A, B, D in 1989, Fig. 1; and Pair A, Fig. 2).

In first-year/adult pairings, we found one first-year female with an older

male (Pair A, Fig. 1) and three first-year males with older females (Pairs

B, D in 1989, Fig. 1; and Pair A, Fig. 2).

Of the plovers collected (see Methods) there were, by design, equal

numbers of males and females. Among the five males (three adults, two

first-year birds) and five females (four adults, one first-year bird) were

three pairs, judged on the basis of behavior (vocalizations, displays, cop-

ulations). In two pairs all members were adults; in the remaining pair,

both individuals were first-year birds. All four possible combinations of

adult and first-year pairings occurred among the ten pairs described above

(Table 1).
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Some first-year Pacific Golden-Plovers remain on the winter range and
over-summer, while others acquire breeding plumage and return to the

nesting grounds (Johnson and Johnson 1983). Whether these returning

first-year birds were breeders had been unknown. It is now evident that

first-year individuals of both sexes participate in the breeding process, as

in the Eurasian Golden-Plover (Parr 1980). Although it is a small sample
(Table 1), the higher frequency of first-year male/adult female pairs (3)

compared with adult male/first-year female pairs (1) hints at a possible

difference in breeding participation by first-year birds based on sex. Re-

viewing all banded and collected birds in this study (N = 23), six of 13

males (46%) were first-year birds, but only two of ten females (20%) were

first-year birds. If this pattern is real, and widespread, there are three

possible explanations: (1) first-year females are less likely to migrate and

thus should predominate among over-summering birds on wintering

grounds; (2) adult males have higher mortality rates than adult females,

leading to higher proportions of surviving adults among females; (3) some
first-year females returning to the tundra do not breed (such birds would
likely be difficult to detect). Higher mortality of females during the first

wintering season, or unequal sex ratios at hatching, would not affect the

ratios of first-year birds to adults in either sex. Explanations 1 and 2 above

are not favored by available evidence: over-summering males greatly

outnumbered females at Enewetak Atoll in the tropical Pacific (Johnson

1979), survival of males on Alaska study areas was high (this paper), and

survival rates of adult males and females on a wintering ground in Hawaii

appear to be equal (this paper). Pending further study, explanation 3 best

accounts for the pattern described.

Breeding density variation.— \x\ 1988, we located seven territories of P.

fulva at the Feather River site. The following year was a season of late

snow-melt throughout the Seward Peninsula, but this site cleared rela-

tively early and nesting density appeared similar to 1988. However, in

1 990 (a year ofnormal snow-melt), the only birds found were the members

of Pair D (Fig. 1), and these showed no nest-related behavior. Conditions

were similar in 1991, with relatively few plovers present. We found No.

8 male from the previous Pair D mated to a different female (No. 9, Pair

E, Fig. 1) and the birds were incubating. We also located one other marked

individual (No. 2 male, Fig. 1), on the same territory where originally

banded and in the company of an unbanded female, but observed no

nest-associated behavior. During six visits al Feather River in 1991, we

saw an additional three to five unbanded plovers. These appeared to be

only passers-by in that there were no repeal sightings.

In 1988, there were six P. fulva territories at the Nugget Creek site.

Conditions were very different in 1989. On 10 June, Maron viewed the

site from an aircraft and reported 95% snow cover. Nugget Creek is at
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Table 2

Pacific Golden-Plover Densities'* at Two Study Sites, 1988-1991

Site 1988 1989 1990 1991

Feather River High (7) High Low(l) Low (2)

Nugget Creek High (6) Low (?) High Low (0)

Numbers in parentheses indicate known territories (pairs) present. “Highs” in 1988 are exact counts. Comparable data

for the “highs” in 1989 and 1990 are lacking, but populations were judged similar to 1988. “Lows” are precise figures,

except for 1989 (an unusual season at Nugget Creek, see text).

higher elevation than Feather River, which can produce significant dif-

ferences in snow-melt on the two areas. On 9 and 12 July, Robert E. Gill,

Jr. (pers. comm.) visited Nugget Creek for a total of about six hours and

found patches of snow still present. He located four P. fulva males, in-

cluding one marked bird (No. 2, Fig. 2), but found no broods or nests.

In 1990, snow-melt at Nugget Creek was earlier, and all three of the males

marked in 1988 were present and nesting. Two of the clutches were

hatching during our final visit on 28 June (Fig. 2). In mid-June 1991,

there were few birds and no evidence of nesting P. fulva at Nugget Creek.

The only plovers found were male No. 2 on 15 June (Fig. 2), and a pair

of unbanded birds on 18 June. Plant phenology suggested that snow-melt

had been relatively late.

The marked year-to-year changes in plover nesting densities described

above are summarized in Table 2. The striking result is that all possible

combinations of two sites and two densities occurred in just four years.

Some ofthe low densities (Nugget Creek 1989 and possibly 1991) perhaps

reflect late snow-melt and failure to nest. In other cases, snow-melt did

not appear to be a factor and if nests were established they must have

been lost early in incubation, whereupon birds deserted the area. Ad-
mittedly, these data are quite limited and important aspects of nesting

ecology remain poorly understood. Nevertheless, our observations suggest

great variation in nesting densities and/or nesting success over time and
space in this region of the Pacific Golden-Plover’s breeding range.
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PROXIMATE DETERMINANTS OF
FORAGING EFFORT IN

BREEDING MALE MERLINS

Navjot S. Sodhi^

Abstract. — ! studied foraging effort of male Merlins {Falco columbarius) during the

breeding season. Males significantly increased percentage of time flying (when presumably

foraging) as the breeding season progressed. Number of foraging trips made by males per

hour increased from the incubation to nestling period and then declined during the fledging

period. Females then started hunting and providing food for the fledglings. Duration of the

foraging trips of males declined with an increase in the number of foraging trips per unit of

time. In the incubation period males with high prey abundance in their ranges spent less

time flying than males with low prey abundance in their ranges, and males with larger

hunting ranges spent more time flying and made foraging trips of longer duration. During

the nestling period males flew more in longer foraging trips, males with larger broods spent

more time flying than those with smaller broods, and males made fewer foraging trips in

areas where the number of active Merlin nests within 1 -km radius of the nest was greater.

Received 18 Dec. 1991, accepted 10 May 1992.

In this study, I examine the effect of phase of the breeding cycle, clutch/

brood size, prey abundance, intruder density, body mass, hunting range

size, and time allocated to incubation on foraging efforts of breeding male

Merlins {Falco columbarius). Male Merlins are appropriate subjects for

this study because they provide most of the food for the family at nests

during the entire breeding season (Sodhi et al. 1992) and feed mainly on
House Sparrows {Passer domesticus)", consequently, prey size is expected

to have little influence on their foraging effort, and can be monitored by

radio-tracking with minimum apparent effect on their behavior (Sodhi et

al. 1991a).

I examined three components of the foraging effort (1) percentage of

time flying when males were presumably foraging, (2) number of feeding

trips made per hour, and (3) mean duration of foraging trips (i.e., sum of

prey search, capture, and transport time). I determined variation in the

foraging effort among males in relation to the aforementioned variables,

as well as variation in the foraging effort within individual males in re-

lation to the phase of the breeding cycle.

METHODS

The research was conducted in Saskatoon (52°07'N, 106°38'W), Saskatchewan, Canada,

from May to July 1988-1990. The study area is described by Sodhi et al. (1992). Merlins

' Dept, of Biology, Univ. ofSaskatchewan, Saskatoon, Saskatchewan S7N OWO, Canada (Present address:

Dept, of Zoology, Univ. of Alberta, Edmonton, Alberta 76G 2E9, Canada).
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first nested in the city in 1963, since then their population has been increasing steadily

(Sodhi et al. 1992). During the study years, the nesting density of Merlins was higher than

anywhere else recorded (Sodhi et al. 1992).

Males were captured near the nests using either mist or dho-ga/a nets (Clark 1981), using

tethered House Sparrows or a tethered Great Horned Owl {Bubo virginianus) as lures. Radio

transmitters (model SS-1; Biotrack, Dorset, IJ.K.), weighing about 2% of the body mass,

were attached dorsally to two tail feathers using a method described by Kenward (1978).

The birds were not followed during the first day of radio-attachment, but were monitored

continuously thereafter during the first and last four daylight hours (i.e., periods ofmaximum
foraging activity, unpubl. data) on fair weather days.

Five different males were radio-tracked in 1988 and 1989, and six in 1990. As each male

was not followed during the entire breeding cycle, this resulted in 12, 1 3, and 5 males being

monitored during the incubation, nestling, and fledging periods, respectively. Each male

was followed for a total of 24 h during the incubation and 16 h each during the nestling and

fledging periods. Overall, 576 hours of radio-monitoring were performed during the study.

During the nestling and fledging periods, I adjusted my observations days, so that .all mon-
itored males were followed when they had chicks ofequivalent age (± 7 days). Merlin nestlings

were aged using an aging method developed from wild Merlin nestlings (Sodhi, unpubl.

data).

Because measuring only the number of feeding trips per unit time gives an incomplete

picture of overall foraging effort (Royama 1966), I recorded three dependent variables of

the foraging effort. (1) Number of feeding trips per hour for a male during a breeding period

was calculated as the number of foraging trips observed divided by the duration of total

observation period. (2) Percentage of time flying for each male during a breeding period

was calculated as the proportion of time flying in all the foraging trips observed. Merlins

attack prey both when in flight and from perches (Sodhi et al. 1 99 1 b). However, when sitting,

it was not apparent whether Merlins were resting or hunting; therefore, for this variable, I

used only ffight activity as an index of foraging. The changes in signal amplitude of the

radio-transmitter revealed whether a male was sitting or ffying. (3) The duration of foraging

trips refers to mean duration of all foraging trips made by a male during a breeding period.

This and variable one included both ffying and sitting time of a foraging male.

Hunting ranges were estimated by using the minimum convex polygon method (Mohr

1947). Minimum convex polygons were calculated for each Merlin by using all radio-

locations taken on that bird. Prey abundance in the hunting ranges of males was estimated

by making bird counts on 1 km randomly selected transects. I counted all birds (seen or

heard) within 90 m on each side of a transect. The transects were surveyed once during each

breeding period. For males that were observed for more than one breeding period in the

same hunting range, I repeated the transect counts. The bird surveys were made within the

first four daylight hours during fair weather (< 10% cloud cover, < 1 5 km/h wind speed). In

Saskatoon, Merlins feed almost exclusively on birds weighing less than 100 g (Oliphant and

McTaggart 1977, Sodhi et al. 1990). Thus, I only considered birds in this weight class as

potential prey species. As predators may adjust their foraging effort based only on the

abundance of their main prey (Temeles 1 987), I did preliminary analyses comparing Merlin

foraging effort variables with the abundance of the House Sparrow (principal prey, which

made up about 65% of the kills made during the breeding season; Oliphant and McTaggart

1977, Sodhi et al. 1990). I failed to find any significant correlations and, therefore, did not

subdivide the potential prey category for further analysis.

To minimize the chances of nest desertions (Oliphant 1974), the clutch and brood sizes

were determined by climbing each nest tree during the early nestling period. The clutch size

was taken as the number of hatched young plus unhatched eggs found. As 1 did not have
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any information on the number of eggs and chicks before the nest trees were climbed, my
clutch and brood size estimates are minimums. The clutch and brood sizes of the studied

males ranged from two to five and one to five, respectively.

Intruder pressure can be derived from two sources, neighbors and non-neighbors (Myers

et al. 1979). As Merlins in the study area were not individually color marked, it was not

possible to determine if agonistic encounters observed between hunting Merlins involved

neighbors or non-neighbors. To compute an index of intruder density, I counted the number
of active Merlin nests within 1 -km radius of a nest (observed range 0-4), thus restricting

my analyses primarily to neighbors. I used active Merlin nests within 1 km of a nest to

compute intruder density because hunting ranges among Merlins nesting more than 1 km
from each other rarely overlap (Sodhi and Oliphant 1992).

If a male was monitored for more than one breeding period, it was captured and weighed

again during the subsequent breeding period (two males were excluded from the nestling

period body mass versus foraging elfort analyses).

Data from different years were combined because I found no significant difference in the

foraging activities (percentage of time flying, number of foraging trips made per hour, and

mean duration of foraging trips) of the males during each breeding period among different

years (Kruskal-Wallis ANOVA, df = 2, P > 0.05). Foraging effort variables and proximate

factors could not be compared during the fledging period due to lack of adequate sample

sizes for correlation analyses.

RESULTS

During the incubation period, the duration of foraging trips of males

declined with an increase in the number of foraging trips per unit time

(Kendall rank-order correlation; T = — 0.55,N = \2, P = 0.012). In the

nestling period, foraging trips were similar (T = —0.67, N = P =

0.014), and, in addition, males flew more in longer foraging trips {T =

0.54, N = \3, P= 0.008).

The mean percentage of time spent flying by males increased from the

incubation to fledging periods (Kruskal-Wallis ANOVA, KW = 21.72, df
= 2, P = 0.002; Fig. 1 A). Of 1 1 males tracked both during the incubation

and nestling periods, all increased the percentage of time flying in the

nestling period (Fig. 2A). Of four birds that were followed during both

the nestling and fledging periods, three increased and one decreased flying

time (Fig. 2A).

The mean number offeeding trips per hour peaked in the nestling period

and then declined {KW = 12.3 1, df = 2, F < 0.01; Fig. IB). The number
of feeding trips increased from the incubation to nestling period for all

1 1 males (Fig. 2B). All males tracked both during the nestling and fledging

periods decreased the number of foraging trips in the fledging period (Fig.

2B). The mean duration of the foraging trips did not differ significantly

among the three breeding periods {KW = 4.76, df = 2, F > 0.20, Fig.

1C). This foraging variable increased for seven males but decreased for

the other four from the incubation to nestling period (Fig. 2C). Two males

increased while two decreased the mean duration of their foraging trips

from the nestling to fledging period.



A

Fig. 1. Foraging effort of male Merlins with the progress of the breeding season. Each

bar represents the mean for all males observed during that period (for sample sizes, see Fig.

2). The lines on the bars represent SE.
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breeding season. Letters represent individual males.
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Table I

Kendall’s Partial Rank Order Correlation Analyses to Determine the Relative

Effect of Different Variables on Foraging Effort of Male Merlins During the

Incubaticw Period'

Controlled variable

PTF vs PA
(-0.45)

PTF vs RS
(0.44)

DFl vs RS
(0.54)

T P T p T p

Clutch size -0.46 <0.05 0.47 <0.05 0.56 <0.02

No. active nests -0.40 0.05 0.47 <0.05 0.58 <0.02

Body mass -0.46 <0.05 0.40 0.05 0.51 <0.02

Time spent incubating -0.48 <0.05 0.51 <0.05 0.55 <0.02

DFT — duration of foraging trips, PA = prey abundance, PTF = percentage of time spent flying, and RS = hunting

range size.

During the incubation period (1) with higher potential prey abundance,

the percentage of time flying declined {T = —0.45, N = 12, P = 0.02),

(2) with increase in range size the percentage of time flying increased {T
= 0.44, P = 0.04), and (3) with increase in range size the duration of

foraging trips increased {T = 0.54, P = 0.016). I performed Kendall’s

partial correlation analyses (Siegel and Castellan 1988:254-262) to de-

termine the relative effects of different proximate variables (i.e., clutch

size, prey abundance, body mass, intruder density, hunting range size,

and time allocated to incubation) on foraging effort of males. If total prey

abundance and range size had an independent effect on foraging effort of

males, I expected the above correlations to remain significant when other

studied variables were controlled statistically. The partial correlation anal-

yses showed that prey abundance and range size significantly correlated

with the foraging effort independently of other studied variables (Table

1 ).

During the nestling period, with the increase in brood size the percentage

of time flying increased {T = 0.44, N = \3, P = 0.04), and with the

increase in the number of active nests within a 1-km radius (intruder

density) the number of feeding trips declined {T = —0.43, N = 13, P =

0.04). These correlations remained significant when other variables were

controlled statistically (Table 2).

DISCUSSION

Considerable literature exists on the foraging effort of raptors during

the breeding season (e.g.. Green 1976, Picozzi 1978, Stinson et al. 1987,

Holthuijzen 1990). Many of these studies show an increase in foraging

effort (largely determined by prey delivery rates) with the progress of the

breeding cycle. Male Merlins significantly increased percentage of time
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Table 2

Kendall’s Partial Rank-order Correlation Analyses to Determine the Relative

Effect of Difttrent Variables on Foraging Effort of Male Merlins during the

Nestling Period^*

Controlled

PTF vs BS
(0.44)

NFT vs AN
(-0.43)

variable T P T P

Brood size — -0.43 <0.05

No. of active nests 0.47 <0.02 —
Prey abundance 0.49 <0.02 -0.51 <0.02

Body mass 0.42 <0.05 -0.46 <0.05

Range size 0.45 <0.02 -0.44 <0.02

“ AN = number of active Merlin nests, BS = brood size, NFT = number of feeding trips made per hour, and PTF =

percentage of time spent flying.

flying while presumably foraging with the progress of the breeding season.

Eurasian Kestrels {F. tinnunculus), however, did not increase their hunting

flight activity with the progress of the breeding season (Masman et al.

1988).

Geer (1981) documents that male Eurasian Sparrowhawks (Accipiter

nisus) decrease prey delivery rates at the nest as females increase such

deliveries during the nestling period. Male Merlins increased the number
of foraging trips per hour from the incubation to nestling period and

decreased such trips when females started supplementing food at nests.

An increase in the foraging eflbrt with increasing brood size (e.g., Col-

lopy 1 984, Poole 1988, Holthuijzen 1 990) or no such increase (e.g., Snyder

and Snyder 1973, Simmons 1986, Stinson et al. 1987) are reported. I

found that male Merlins with large broods spent proportionally more time

flying than males with small broods, suggesting that male Merlins adjust

their flying time in response to the nestling number. During the nestling

period, males also tended to make fewer foraging trips if the number of

other active Merlin nests near the vicinity of their nests was high. Perhaps

during this period, higher intruder density suppresses the number of for-

aging trips a male can make or high food abundance in such areas causes

this trend.

Male Bobolinks {Dolichonyx oryzivorus) increase nestling feeding rates

when food is scarce (Wittenberger 1982). On the contrary, breeding House
Martins (Delichon urbica) forage more intensively when food is more
abundant (Bryant and Westerterp 1983). Male Merlins with high prey

abundance on their ranges spent less time flying than males with low prey

abundance on their ranges.

My data also showed individual differences in the foraging effort among
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males (Fig, 2). This indicates individual dilTerences in hunting efficiency

(e.g., McKean 1990), current reproductive effort, or variation in prey

abundance in ranges. During the fledging period, these differences may
result from differences in foraging effort of their mates. Smith et al. (1989)

show that male Pied Flycatchers {Ficedula hypoleuca) reduce incubation

feeding of the females that are supplemented with food. Therefore, male

Merlins could probably adjust their foraging effort depending upon the

rate of feeding to the fledglings by their mates.

I found no significant influence of body mass, clutch size, or time

allocated to incubation on foraging effort of male Merlins. Bryant and

Westerterp (1983) reports that House Martins reduce the nestling feeding

rate with a deterioration in body mass.

In summary, foraging of breeding male Merlins is affected by the phase

of the breeding cycle, prey abundance, hunting range size, brood size, and

intruder density. However, I found seasonal differences in the effect of

these factors on foraging of male Merlins. For example, prey abundance

influenced the foraging effort in the incubation period but not during the

nestling period. This suggests that variables affecting foraging effort of

male Merlins are not fixed over the breeding season.

ACKNOWLEDGMENTS

I thank F. Messier, R. G. Clark, R. J. F. Smith, L. W. Oliphant, B. R. Neal, D. A. Boag,

C. R. Blem, and three anonymous reviewers for commenting on the manuscript. I am also

grateful to G. Peat, J. Freeland, and C. Sodhi for field assistance. This study was supported

by a Natural Sciences and Engineering Research Council of Canada grant to L. W. Oliphant

and a Univ. of Saskatchewan graduate scholarship to the author.

LITERATURE CITED

Bryant, D. M. and K. R. Westerterp. 1983. Short-term variability in energy turnover

by breeding House Martins Delichon urbica: a study using doubly labelled water (D'*0).

J. Anim. Ecol. 52:525-543.

Clark, W. S. 1 98 1 . A modified dho-gaza trap for use at a raptor banding station. J. Wildl.

Manage. 45:1043-1044.

CoLLOPY, M. W. 1984. Parental care and feeding ecology of Golden Eagle nestlings. Auk

101:753-760.

Geer, T. 1981. Factors affecting the delivery of prey to nestling Sparrowhawks {Accipitcr

nisus). J. Zool. 195:71-80.

Green, R. 1976. Breeding behavior of Ospreys Pandion haliactus in Scotland. Ibis 1 18:

475-490.

Holthuijzen, a. M. a. 1990. Prey delivery, caching, and retrieval rates in nesting Prairie

Falcons. Condor 92:475-484.

Kenward, R. E. 1978. Radio transmitters tail-mounted on hawks. Ornis Scand. 9:220-

223.

Masman, D., S. Daan, and C. Dijkstra. 1988. Time allocation in the Kestrel {Falco

tinnunculus), and the principle of energy minimization. J. Anim. Ecol. 57:41 1-432.



76 THE WILSON BULLETIN • Vol. 105, No. 1, March 1993

McKean, L. M. 1990. Differences in the foraging behavior of individual Gray-breasted

Jay flock members. Stud. Avian Biol. 13:284-287.

Mohr, C. O. 1947. Table of equivalent populations of North American small mammals.

Am. Midi. Nat. 37:223-249.

Myers, J. P., P. G. Conners, and F. Pitelka. 1 979. Territory size in wintering Sanderlings:

the effects of prey abundance and intruder density. Auk 99:551-561.

Oliphant, L. W. 1974. Merlins— the Saskatoon falcons. Blue Jay 32:140-147.

AND S. McTaggart. 1977. Prey utilized by urban Merlins. Can. Field-Nat. 91:

190-192.

Picozzi, N. 1978. Dispersion, breeding and prey of the Hen Harrier Circus cyaneus in

Glen Dye, Kincardineshire. Ibis 120:498-509.

Poole, K. G. 1988. Feeding responses by Gyrfalcons to brood size manipulation. J. Raptor

Res. 22:67-70.

Royama, T. 1966. Factors governing feeding rate, food requirements and brood size of

nestling Great Tits Parus major. Ibis 108:333-347.

Siegel, S. and N. J. Castellan. 1988. Nonparametric statistics for the behavioral sciences.

McGraw-Hill Book Company, New York, New York.

Simmons, R. 1986. Food provisioning, nestling growth and experimental manipulation of

brood size in the African Redbreasted Sparrowhawk Accipiter rufventris. Omis Scand.

17:31-40.

Smith, H. G., H. Kallander, J. Hultman, and B. Sanzen. 1989. Female nutritional

state affects the rate of male incubation feeding in the Pied Flycatcher Ficedula hypo-

leuca. Behav. Ecol. Sociobiol. 24:417-420.

Snyder, N. F. R. and H. A. Snyder. 1973. Experimental study of feeding rates of nesting

Cooper’s Hawk. Condor 75:461-463.

SoDHi, N. S. AND L. W. Oliphant. 1992. Hunting ranges and habitat use and selection

by urban-breeding Merlins. Condor 94:743-749.

, A. Didiuk, and L. W. Oliphant. 1990. Differences in bird abundance in relation

to proximity of Merlin nests. Can. J. Zool. 68:852-854.

, P. C. James, I. G. Warkentin, and L. W. Oliphant. 1992. Breeding ecology of

urban Merlins {Falco columbarius). Can. J. Zool. 70:1477-1483.

, 1. G. Warkentin, P. C. James, and L. W. Oliphant. 1991a. Effects of radiotagging

on breeding Merlins. J. Wildl. Manage. 55:613-616.

, , AND L. W. Oliphant. 1991b. Hunting techniques and success rates of

urban Merlins {Falco columbarius). J. Raptor Res. 25:127-131.

Stinson, C. H., J. Lauthner, and R. T. Ray. 1987. The effect of weather conditions on

the behavior of Ospreys in northwestern Washington. Can. J. Zool. 65:21 16-21 18.

Temeles, E. 1987. The relative importance of prey availability and intruder pressure in

feeding territory size regulation by Harriers, Circus cyaneus. Oecologia 74:286-297.

WiTTENBERGER, J. F. 1982. Factors affecting how male and female Bobolinks apportion

parental investment. Condor 84:22-39.



Wilson Bull., 105(1), 1993, pp. 77-83

HABITAT CHARACTERISTICS
RELATED TO PILEATED

WOODPECKER DENSITIES IN MISSOURI

Rochelle B. Renken* and Ernie P. Wiggers'

Abstract.—We examined relationships among Pileated V/oodpecker (Dryocopus pilealus)

densities and forest habitat characteristics on 16 study areas in Missouri during 1985-1986.

Pileated Woodpecker abundance ranged from 0.5 to 4.1 territories/ 1 00 ha. Regression anal-

ysis indicated a positive, linear relationship between Pileated Woodpecker abundance and

percent of an area covered with bottomland forest, density of trees >30 cm dbh, and density

of snags >54 cm dbh. Percent of area covered with pole timber (> 15 cm and <25 cm dbh)

was negatively related to Pileated Woodpecker abundance. Study areas with greater amounts
of bottomland forest (>4.5%, N = 7) had a higher density of snags >54 cm dbh {P'= 0.005)

and smaller amounts of pole timber cover (P = 0.04) than study areas with <4.5% bottom-

land forest cover (N = 9). Our findings indicated that large trees and huge snags are important

features in Pileated Woodpecker habitat, and these features were most often associated with

bottomland forest. Received 31 Mar. 1992, accepted 18 Aug. 1992.

Pileated Woodpeckers {Dryocopus pileatus) are residents of mature,

dense forests of the eastern and northwestern United States (e.g., Bock

and Lepthien 1975, McClelland 1979, Bull 1987, Mellen et al. 1992).

They have specific habitat requirements that often are not present in

intensively managed forests (Bull and Meslow 1977). Pileated Wood-
peckers occupy large home ranges (53-160 ha, Renken and Wiggers 1989)

and use large trees and snags (average diameter at breast height [dbh] =

56 cm. Brawn et al. 1984) as nest sites. These specific requirements have

served as justification for designating the Pileated Woodpecker as an

indicator species in forest management plans for many state and federal

natural resource agencies. It is assumed that if Pileated Woodpecker hab-

itat requirements are met by the landscape and structure of a forest, then

that forest should provide habitat for other primary cavity nesting birds

(Thomas et al. 1979), as well as representing a mature tree stage in forest

succession.

Our study examined which habitat characteristics are related to Pileated

Woodpecker densities in oak-hickory {Quercus spp.-Catya spp.) forests

of Missouri and examined the relationship between these forest charac-

teristics and Pileated Woodpecker densities.

' School of Natural Resources, Univ. of Missouri, Columbia, Missouri 6521 1. Present address RBR;

Missouri Dept, of Conservation, Fish and Wildlife Research Center, 1 1 10 S. College Avenue, Columbia,

Missouri 65201.
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STUDY AREAS AND METHODS

We selected 16 study areas in eastern, central, and southern Missouri. The study areas

ranged in size from 287 to 599 ha and were selected to represent a range of forest stand

types and age classes. Pileated Woodpecker densities on the study areas were unknown at

the time the sites were selected. Central and eastern study areas had forest stands primarily

composed of white oak (Q. alba), red oak {Q. rubra), black oak {Q. velutina), black walnut

{Juglans nigra), and hickories (Carya spp.). Southern study sites had similar forest cover,

except scarlet oak {Q. coccinea) generally replaced red oak.

Pileated Woodpecker populations were estimated on the study areas using the plot map-
ping technique (Christman 1984). Woodpeckers were surveyed on seven study areas in

March 1985 and on the remaining nine study areas in March 1986. Each of the four bird

counters followed two 1.25-km transects on each study area. Recorded Pileated Woodpecker
calls and drums were broadcast from a cassette tape player two or more times at 50 m
intervals along the transect to facilitate the location of birds. The location and direction of

flight of each responding Pileated Woodpecker was recorded on maps to avoid counting a

woodpecker more than once. Transects were walked from sunrise until 10:00 h CST and

from 15:00 h CST until sunset. Each transect was followed for three morning and three

afternoon counts.

Mapped bird locations within 300 m of either side of a transect were used to calculate

density estimates. Plot mapping was not intended for counting birds that have a territory

size greater than the transect width (Christman 1984). Therefore, our density estimates were

inflated because Pileated Woodpecker territories never fit entirely within transect boundaries.

Thus, reported densities should not be viewed as absolute density estimates but rather as

relative estimates.

Forest vegetative structure was measured in random samples stratified by forest stand

type and tree size. We categorized forest stand types into six general strata: oak-hickory—

stands >50% oak and hickory; oak-pine— stands >50% oak and pine; bottomland hard-

woods— stands >50% ash (Fraxinus spp.), birch (Betula spp.) and sycamore (Platanus oc-

cidentalis); cedar— stands >50% red cedar {Juniperus virginiana)-, or old field. Stand tree

size categories were saw timber (average dbh >25 cm), pole timber (average dbh > 15 and

<25 cm), sapling (average dbh < 1 5 cm), and regeneration (<3 year-old clearcuts). A sample

was measured for every 8 ha of forest within each stratum. Forest vegetative features were

measured within 0.04-ha circular plots. Dbh was measured on all trees and snags (standing

dead trees >1.4 m in height) with a dbh > 10 cm. Overstory canopy cover was estimated

with a densitometer at plot center. Tree or snag basal area was calculated from dbh and

density data. Percentages of the study sites covered by saw timber, pole timber, and open/

regeneration stands were calculated from forest inventory data and maps.

Some forest inventory data did not have any portion of the study areas classified as

bottomland hardwoods, even though we knew that this habitat was present. To have a

correct measure of this habitat, we derived a new measure from topographic maps and forest

inventory data. Our criteria and procedures for measuring the amount of bottomland hard-

woods were as follows. The lowest elevation point, which was always associated with an

intermittent or permanent stream on topographic maps, was the starting point for measuring

the amount ofbottomland. The area of lowest elevation had to have vegetation characteristic

of bottomland timber, such as sycamore or Ohio buckeye {Aesculus glabra), and a slope of

<2%. The total amount of available bottomland was measured with a planimeter by fol-

lowing the topographic contour lines outlining the bottomland from the lowest elevation

point up to and including the area enclosed by the contour line that was 18.5 m higher in

elevation than the lowest point. The total amount of bottomland was summed for the study
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area, and the amount of bottomland covered by food plots, pasture, and sapling timber was

subtracted from the total to calculate the amount of bottomland forest.

Vegetative samples were used to calculate study area means for habitat variables used in

statistical analyses. Tests indicated that values for some variables were not normally dis-

tributed. Therefore, nonparametric tests were used. We observed that the smallest nest tree/

snag used by Pileated Woodpeckers was 30 cm dbh (Renken 1988). To account for the use

of these large trees/snags by Pileated Woodpeckers, we calculated values for the density of

trees >30 cm dbh/ha and density of snags >30 cm dbh/ha. We also observed that the

average nest tree/snag dbh for Pileated Woodpeckers was 52 cm (Renken 1988). Brawn et

al. (1984) reported an average dbh of 56 cm for Pileated Woodpecker nest trees in central

Missouri. To account for the use of huge snags by Pileated Woodpeckers, we used the

midpoint between 52 and 56 as a value for density of huge snags (>54 cm dbh/ha).

We used Spearman’s rank correlation, maximum R~ regression (MAXR), and multiple

regression analyses (SAS 1985) to determine which habitat characteristics were related to

Pileated Woodpecker densities. In MAXR regression analysis, model variables that resulted

in the largest R- value were assumed to influence Pileated Woodpecker densities. We ex-

amined the fit of the regression models with large R~ values in individual multiple regression

equations. We used the criteria of little or no correlation {P > 0.05) among independent

model variables, and a random, even distribution in the plot of model residuals versus

model predicted values as guidelines for determining the best combination of habitat vari-

ables for a regression equation. We realized the indiscriminate use of multivariate statistical

analyses on habitat data sets could lead to misleading spurious results and interpretations

of patterns in data (Rexstad et al. 1988). To avoid such problems we examined habitat

variables we believed might be related to Pileated Woodpecker densities and applied three

different analysis approaches to the data.

Study areas were also categorized as supporting high or low Pileated Woodpecker abun-

dance, using the median density of our study areas as the threshold value in categorizing.

We then determined if mean values for habitat variables differed between high and low

Pileated Woodpecker density areas using Mann-Whitney (7-tests.

RESULTS

The average density of Pileated Woodpeckers over the 16 study areas

was 1.86 territories/ 1 00 ha (Table 1). Five habitat characteristics were

related to Pileated Woodpecker densities in Spearman rank correlation.

Pileated Woodpecker density was positively correlated with percent bot-

tomland forest (r = 0.72, P = 0.002), density of snags >54 cm dbh {r =

0.50, P = 0.050), sycamore density (r = 0.49, P = 0.054), and sycamore

basal area {r = 0.53, P = 0.035). Percent pole timber cover was negatively

correlated with Pileated Woodpecker density (r = —0.74, P = 0.001). We
examined scatter diagrams of Pileated Woodpecker density against the

various habitat variables and did not see patterns that suggested curvi-

linear relationships.

MAXR regression analysis provided results similar to Spearman rank

correlation. In a 1 -variable model, a regression with percent bottomland

forest produced the greatest value {R^ = 0.45, F = 1 1.57, P = 0.0043).

In a two-variable model, a regression with percent bottomland forest and
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Table 1

PiLEATED Woodpecker (PW) Densities and Mean Values for Study Area Habitat

Characteristics

Study
Area

PW density

terr/100 ha

Bot-

tom
land

forest

%

Pole
timber
%

Sycamore
density

trees/ha

Sycamore
basal area

mVha

Snags >54
cm DBH
snags/ha

Trees >30
cm DBH
trees/ha

Snags >30
cm DBH
snags/ha

A 4.1 ( 1 . 18 )^ 6.9 14.5 3.8 (3 . 3 ) 0.40 (0 . 30 ) 1.1 (0 . 8 ) 1 12.5 ( 12 . 1 ) 8.2 (2 . 5 )

B 3.5 (0 . 86 ) 3.7 11.6 3.0 ( 1 . 8 ) 0.60 (0 . 30 ) 0.6 (0 . 6 ) 103.7 (9 .2 ) 8.5 (2 . 7 )

C 2.9 (0 .90) 7.4 0.0 1.1 ( 1 . 2 ) 0 . 10 (0 . 10 ) 0.0 (0 .0) 94.3 (7 . 2 ) 1.1 (0 . 8 )

D 2.4 (0 . 57 ) 5.9 25.7 1.6 ( 1 . 6 ) 0.02 (0 .02 ) 1.1 (0 . 7 ) 62.8 (6 .4) 10.1 (2 . 6 )

E 2.4 (0 . 57 ) 6.1 0.0 4.1 (2 . 8 ) 0.80 (0 .60) 1.4 ( 1 . 3 ) 85.1 ( 11 . 1 ) 8.1 (2 .4)

F 2.2 (0 . 73 ) 6.2 18.3 0.0 (0 .0 ) 0.00 (0 .00) 0.9 (0 . 6 ) 39.7 ( 5 . 5 ) 5.8 (2 .0)

G 2 .0 (0 . 65 ) 3.1 20.7 0.5 (0 . 5 ) 0.02 (0 . 10 ) 0.0 (0 .0) 66.2 (6 . 2 ) 7.8 (2 . 1 )

H 1.6 (0 .45 ) 3.8 27.0 0.5 (0 . 5 ) 0.01 (0 .01 ) 0.5 (0 . 5 ) 61.7 (7 . 6 ) 6.1 (2 .0 )

I 1.5 (0 .49 ) 3.1 38.9 0.0 (0 .0 ) 0.00 (0 .00) 0.0 (0 .0) 56.2 (6 .0) 3.6 ( 1 . 1 )

J 1.4 (0 . 53 ) 0.0 8.2 0.0 (0 .0 ) 0.00 (0 .00) 0.0 (0 .0) 87.5 (8 .0) 9.4 (2 . 1 )

K 1.4 (0 . 78 ) 4.5 30.0 0.0 (0 .0) 0.00 (0 .00 ) 0.9 (0 . 6 ) 93.0 (8 . 2) 5.7 ( 1 .4)

L 1.3 (0 . 53 ) 3.6 34.4 0.0 (0 .0) 0.00 (0 .00) 0.8 (0 . 8 ) 75.0 ( 10 . 3 ) 12.5 (3 .4 )

M 1.0 (0 .41 ) 5.1 15.5 1.1 ( 1 . 1 ) 0.10 (0 . 10 ) 0.6 (0 . 6 ) 71.7 (6 .9 ) 2.8 ( 1 . 2 )

N 0.9 (0 . 37 ) 2.0 40.7 4.5 (3 .2) 0 . 50 (0 . 30 ) 0.0 (0 .0 ) 94.3 (6 .2 ) 9.0 (2 . 1 )

O 0.7 (0 . 33 ) 1.6 43.4 0.0 (0 .0 ) 0.00 (0 .00) 0.0 (0 .0) 64.2 (5 . 7 ) 5.2 ( 1 . 2 )

P 0.5 (0 .24) 1.3 44.3 0.0 (0 .0) 0.00 (0 .00 ) 0.0 (0 .0 ) 85.5 (8 .4 ) 3.9 ( 1 .4 )

“ Standard errors in parentheses.

density of trees >30 cm dbh produced the greatest value (R^ = 0.59,

F = 9.37, P = 0.003). Percent bottomland forest, density of trees >30
cm dbh, and percent pole timber were variables producing the largest R^
value {R^ = 0.65, F = 7.52, P = 0.0043) in a three-variable model. In all

equations, percent bottomland forest and density of trees >30 cm dbh
had positive coefficients, while percent pole timber had a negative coef-

ficient.

After examining the diagnostics of several multi-variable regression

equations in individual tests, we determined the best fitting regression

equation had four variables: percent bottomland forest, percent pole tim-

ber, density of snags >30 cm dbh, and density of trees >30 cm dbh {R^
= 0.70, F = 6.4, P = 0.0065; parameter estimates (BJ = 0.25, —0.02,

0.07, and 0.01, respectively).

The variables percent bottomland forest and pole timber, density of

trees >30 cm dbh, and density of snags >54 cm dbh appeared to best

describe habitat suitability for the Pileated Woodpecker. The variables

percent bottomland forest and pole timber were related to woodpecker

density in both correlation and regression analyses. The density of trees
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^30 cm dbh and density of snags >54 cm dbh were related to Pileated

Woodpecker density in either correlation or regression analyses. Although
the variables sycamore density and sycamore basal area were also related

to Pileated Woodpecker density in correlation analysis, we did not include

them in our list because they were correlated with the density of trees

^30 cm dbh (r = 0.46, P = 0.072 and r = 0.50, P = 0.05 1 ,
respectively).

The variable density of snags >30 cm dbh was not included in the list

because it was closely related to density of snags >54 cm dbh (r = 0.38,

P= 0.15).

Bottomland forest differed from upland saw and pole timber stands in

several respects. Sycamore density was greater in bottomland forest hab-

itat (Mann-Whitney (7-test, one-tailed test, T = 33>, P < 0.05) and over-

story canopy cover was greater in bottomland forest habitat (Mann-Whit-
ney L^-test, two-tailed test, T = 95, P < 0.05). Also, study areas with

greater amounts ofbottomland forest (>4.5%, N = 7) had a higher density

of snags >54 cm dbh (Mann-Whitney (7-test, T = 83.5, P = 0.009) and

smaller amounts of pole timber cover (Mann-Whitney (7-test, 7" = 41.0,

P = 0.057) than study areas with <4.5% bottomland forest cover

(N = 9).

DISCUSSION

Our results suggest Pileated Woodpecker abundance may be related to

several structural features associated with mature, deciduous forest (abun-

dant large trees and huge snags, and a reduced amount of pole timber),

as well as to the presence and amount of bottomland forest. Our results

concur with and support previous descriptions of Pileated Woodpecker

habitat features. Graber et al. (1977) reported that Pileated Woodpecker
densities were highest in bottomland, mature forests. Conner et al. (1975)

noted that Pileated Woodpecker nests were never > 150 m from streams

in Virginia and that most nests were <50 m from water. Deciduous

riparian forest was a preferred habitat in Pileated Woodpecker home
ranges in northwestern Oregon (Mellen et al. 1992). Pileated Wood-
peckers may concentrate in bottomland forest because mesic conditions

promote growth of large trees (Conner et al. 1975). Study areas in Missouri

with greater amounts of bottomland forest typically had higher densities

of huge snags (>54 cm dbh) which are a critical habitat component for

nesting Pileated Woodpeckers (Renken 1988). Bottomland forests also

had structural characteristics that are representative of mature forests. A
greater amount of overstory canopy cover and small amounts of pole

timber were bottomland forest structural features characteristic of mature

deciduous forests.

Two Pileated Woodpecker habitat parameters, the density of trees >30
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cm dbh and the density of snags >54 cm dbh, also were characteristics

of older, mature forest. Pileated Woodpecker nest trees can be 100-180

years old (Conner 1978). In Missouri, oaks may not grow to dbhs of >30
cm until they are 80 years old (site index 55, Sander 1977). Even more
time is required before trees grow to a dbh >54 cm and then die to

become suitable snags.

Other workers have discussed the relationship between snag density

and Pileated Woodpecker populations. Evans and Conner (1 979) reported

that a density of 40, 45-65 cm dbh snags/70 ha would result in the greatest

possible densities of Pileated Woodpeckers in eastern forests. This rec-

ommendation translates into a huge snag (>54 cm dbh) density of ap-

proximately 0.6 snags/ha. We agree with this recommendation because,

in our study, 71% of the high Pileated Woodpecker density study areas

(>2 territories/ 1 00 ha) had mean huge snag densities meeting this stan-

dard. We also agree with the conclusion of Evans and Conner (1979) that

an even distribution of huge snags should be encouraged. A forest with

clustered pockets of huge snags may not hold as many Pileated Wood-
pecker pairs as would a forest with a dense, uniform distribution of huge

snags.

Eorests already having bottomland habitat should be protected because

this habitat is critical to Pileated Woodpeckers. Forests without bottom-

land habitat can still be allowed to develop large trees and huge snags,

but Pileated Woodpecker abundance in these areas may not reach max-
imum levels possible if bottomland forest is lacking. Those interested in

Pileated Woodpecker conservation should consider acquiring land that

has bottomland forest and managing that forest for high densities of large

trees and huge snags.
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CORRECTION

The caption for the frontispiece of Vol. 104, No. 4, December 1992, was accidentally

omitted. It should read:

Perched White-tailed Kite (above) and Black-shouldered Kite (below). Note that the White-

tailed Kite has a relatively smaller head, a longer tail that exceeds tip of primaries, and

holds wings above tail. Photos by W. S. Clark & B. K. Wheeler.
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REPRODUCTIVE ECOLOGY OF
DUSKY FLYCATCHERS IN
WESTERN MONTANA

James A. Sedgwick^

Abstract. — Breeding ecology of Dusky Flycatchers (Empidonax oberholseri) was studied

in western Montana from May-August 1974. Dusky Flycatchers were monogamous and

single-brooded although some pairs made renesting attempts after first nests failed. Length

of the reproductive cycle for first nesting attempts, from arrival on the breeding grounds to

fledging, was about 70 days. All nests were placed in shrubs, primarily ninebark (Physocarpus

malvaceus) and Rocky Mountain maple {Acer glabrum), and were an average of 1 50 cm
above the ground. Females incubated a clutch with an average of 4.0 eggs for 15-16 days,

and the average nestling period was 17.5 days. Both sexes fed nestlings and fledglings, but

only females brooded nestlings. Egg survival was 63.8%, hatching success was 95.4%, and

nestling survival was 61.9% for an overall probability of 0.376 that an egg produced a

fledgling. Predation was the major cause of nest failure. Dusky Flycatchers reared an average

of 1.9 fledglings/pair. Received 14 Jan. 1992, accepted 28 May 1992.

The Dusky Flycatcher {Empidonax oberholseri) is a common breeding

species throughout much of the mountainous western United States. It

occurs in open coniferous forest, mountain chapaiTal, aspen groves, willow

riparian, and in brushy open areas, often with trees scattered throughout

the habitat (Grinnell et al. 1930, Sedgwick 1975, A.O.U. 1983). There is

little published information on the species; major sources include Bowles

and Decker (1927), Bent (1942), Johnson (1963), and Morton and Pereyra

(1985). The natural history ofthis species is poorly known or is anecdotal,

although extensive information is presented in Johnson (1963) on mor-

phology, plumages, distribution, behavior, and vocalizations. I report here

on various aspects of the breeding biology of the Dusky Flycatcher, in-

cluding nesting success, nest-site selection, reproductive chronology, and

brood parasitism.

STUDY AREA AND METHODS

The study was conducted from 1 May- 15 August 1974 at three study sites in the Lolo

National Forest, Missoula County, Montana. Elevations ranged from 1066 to 1280 m and

the dominant overstory vegetation was mixed ponderosa pine/Douglas-fir {Pinusponderosa)/

{Pseudotsuga menziesii). Trees in portions of each study area had been thinned so that study

sites included coniferous forest, shrubby openings with scattered trees, and intermediate

edge sites. Common understory shrubs included Rocky Mountain maple {Acer glabrum),

mallow ninebark {Physocarpus malvaceus), russet buflaloberry {Shepherdia canadensis),

common chokecherry {Prunus virginiana). Saskatoon serviceberry {Amelanchier alnifolia).

' Dept. Biological Sciences, Univ. Montana, Missoula, Montana 59812. (Present address: U.S. Fish and
Wildlife Service, National Ecology Research Center, Fort Collins, Colorado 80525-3400.)
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common snowberry [Symphoricarpos albus). Woods rose (Rosa woudsii), and bcarberry

manzanita (Arctostaphylos uva-ursi). The herbaceous layer was characterized by pine reed-

grass (Calamogrostis rubescens), elk sedge (Carex geycri), bluebunch whealgrass (Agropyron

spicatum), Idaho fescue (Festuca idahoensis), hearlleaf arnica (Arnica cordifolia), and ar-

rowleaf balsamroot (Balsamorhiza sagitatta).

Nests were located by searching in suitable habitats, observing adults during nest con-

struction, following adults with food, or observing males feeding incubating females. Nests

were checked at least every third day; most were visited daily. Some nests were observed

intensively with a 20 x telescope, usually from < 1 5 m. Nest and bush heights were measured

after completion of the nesting cycle. Nest dimensions were measured before nestlings

hatched and before nests were altered by compaction by nestlings and females. Seventeen

nests were collected and later analyzed for composition.

Individual birds were not marked for this study. Because Dusky Flycatchers are sexually

monomorphic, I assumed that males performed advertising songs and incubation feeding

and that females performed incubation duties. At some nests females were positively iden-

tified from their behavior, and slight differences in plumage characteristics (mostly differences

in the extent of the eye ring and the extension of the eye ring forward to the lore) allowed

me to distinguish between the sexes. Numerous subsequent observations at nests where the

female was positively identified confirmed that it was the female incubating and the other

member of the pair performing advertising songs and incubation feeding duties. Weather

data were obtained from the National Weather Service Office in Missoula, <24 km from

study sites. Statistical significance was set at /* < 0.05.

RESULTS AND DISCUSSION

Reproductive chronology.— first Empidonax flycatchers in 1974

arrived in western Montana on 7 May. Because these birds were silent

and furtive, I could not distinguish Dusky Rycatchers from Fiammond’s

{E. hammondii), Least {E. minimus). Willow {E. traillii), or Alder {E.

alnorum) flycatchers, all of which breed in or migrate through western

Montana. By 14 May, males began giving “du-hic” vocalizations (after

Johnson 1963) and were positively identified as Dusky Flycatchers. Ad-

vertising songs were first heard on 17 May, although non-territorial mi-

grant Empidonax flycatchers were still moving through the area as late

as 16 May. In the northern Sierra Nevada, Dusky Flycatchers usually

arrive in the second week of May (Johnson 1963).

Dusky Flycatchers began building nests about 1 June. Several nests (N

= 11) were located before eggs were laid, including two nests found on 3

June with approximately one third of the nest mass in place. The first egg

in each of these nests was not laid until 15 June. Allowing two days to

complete the first third of the nest, the time between nest initiation and

laying was about 14 days. The mean date for laying egg 1 (N = 1 1 nests)

was 1 1 June (range: 31 May-16 June); by back-dating, the average date

of nest initiation was 28 May.

Whereas the period between nest initiation and egg laying may be quite

extended, the nest appears to be built in only a few days. One nest, for



86 THE WILSON BULLETIN • Vol. 105, No. 1, March 1993

example, was in the early stages of construction on 9 June, appeared

complete on 1 1 June, but did not receive any eggs until 1 7 June. The only

changes in the nest between 1 1 and 17 June were the addition of a few

feathers and bud scales to the lining. Cool, rainy weather in late May and

early June may have slowed nest building and egg laying. From 20 May-
10 June, the mean daily temperature was below normal on 14 of 22 days

and precipitation was recorded on 14 of those 22 days.

The mean date of clutch completion for first nests (N = 11) was 14

June (range: 3 June-19 June). The mean date of hatching of the last egg

(N = 10) was 28 June (19 June-4 July) and the mean date the last nestling

fledged was 13 July (N = 9, 5-21 July). Thus, the entire reproductive

cycle for first nest attempts, from arrival on the breeding grounds to

fledging, was about 70 days. The interval from arrival to nest initiation

was 21 days; nest initiation to laying of the first egg took 14 days; the

egg-laying sequence required 4-5 days (N = 6); incubation lasted 15-16

days (N = 9), and the mean time from hatching of the last egg to fledging

of the last young was 15.6 days (N = 7, range: 13-18 days).

Nest site selection. — All nests found (N = 25) were in shrubs, although

the species also nests in aspens (Sumner and Dixon 1953) and small

conifers (Bent 1942, Johnson 1963, Morton and Pereyra 1985). Most
nests were in mallow ninebark (48%) or Rocky Mountain maple bushes

(44%); one nest was in a common chokecherry bush and one was in a

russet buffaloberry bush. Mean height of nests was 150.7 ± 14.4 cm [SE]

(70.1-347.5 cm) which generally agrees with the findings of others (e.g.,

Sumner and Dixon 1953, Johnson 1963, Manuwal 1968). Mean nest bush

height was 256.4 ± 26.0 cm (91.4-548.6 cm). Mean bush heights of the

two most commonly used bush species differed (ninebark: x = 153.2 ±
10.7 cm vs mountain maple: x = 364.0 ±31.1 cm, P < 0.0001) as did

mean nest heights in those two species (ninebark: ± = 101.9 ± 10.2 vs

mountain maple: x = 204.5 ± 20.7 cm, P = 0.0005). These discrepancies

suggest that birds select a relative height within a bush rather than height

above the ground. Criteria used in selection might include an optimal

stem structure for nest support, a position which results in concealment

of nests from predators (Evans 1978), or a nest location which enhances

the immediate thermal environment (Ricklefs and Hainsworth 1969).

This is in concordance with nest : bush height ratios which were similar

for ninebark and mountain maple (ninebark nest: bush height Jc = 0.67

± 0.04 vs mountain maple nest : bush height x = 0.58 ± 0.05, P = 0.17).

For all species of bushes, nest height tended to increase with bush height

(nest height = 32.5 ± 0.46 x bush height, = 0.69, P < 0.001).

Nest dimensions and materials.— flycatchers fledged, I collected

1 7 nests and analyzed their composition. Nests were soft, neatly woven
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cups built largely of grasses and finely shredded plant material. In a typical

nest, this constituted most of the total nest mass. Frequently used ma-
terials included grass culms and blades, often shredded, forb stems, and
the finely shredded bark of mallow ninebark. Most of the mass in three

nests was deer {Odocoileus spp.) hair, which was also used in the lining

of two other nests. Most nests (11/17) contained a number of feathers,

including those of at least four different species of birds. The linings of

15 of 17 nests contained coniferous bud scales, and 15 of 17 nests also

were lined with small amounts of lichen (Usnea sp.). Other less commonly
used nest materials included needles of ponderosa pine and Douglas-fir,

string, horsehair, bits of paper, and the pappus of Compositae.

Nest dimensions (N = 21) were: outside diameter (top of cup), x = 7.4

±0.10 cm (range = 6. 7-8. 2 cm), outside height, x = 7.2 ± 0.13 cm, (6.0-

8.5 cm), inside cup diameter x = 5.3 ± 0.08 cm, (4. 7-6.0 cm), inside cup

depth X = 3.6 ± 0.08 cm, (2. 8-4. 5 cm). These dimensions are similar to

those of Bowles and Decker (1927), Bent (1942), and Johnson (1963).

Clutches.— The number of eggs per clutch was 4.0 ± 0.0 (N = 2 1 nests)

for first nest attempts. Two of three renest clutches contained four eggs,

and one consisted of three eggs. Johnson (1963) also reported a clutch

size of four (N = 7 nests found before hatching) but Bent (1942) reports

the number as being three or four and sometimes only two. Bowles and

Decker (1927) found one nest with five eggs, but all others contained four.

Morton and Pereyra (1985) report a usual clutch size of three or four.

The duration of laying in Dusky Flycatcher females was 4-5 days. Eggs

were laid on consecutive days at four of six nests where laying was followed

closely. At two other nests, a day was skipped after laying of the second

and third eggs, respectively. Similarly, Davis et al. (1963) reported that

for seven of nine nests of the Western Flycatcher, one day was skipped

in the laying sequence.

The eggs were ovate, creamy white, and had little gloss. None of the

eggs (N = 95) had any markings although those of some Empidonax
flycatchers are lightly to heavily marked at the large end (Bent 1942). Of
43 eggs measured from 1 1 different nests, mean length x width was 17.8

±0.12 X 13.4 ± 0.05 mm. This compares with 50 eggs reported in Bent

(1942) averaging 1 7.3 x 13.4 mm. Eggs having extreme lengths and widths

measured 19.6 x 13.2, 18.9 x 14.0, 15.5 x 13.0 and 16.0 x 12.8 mm.
Incubation. — Incuhdiiion was performed by the female alone (Johnson

1 963, Morton and Pereyra 1 985) as in most Empidonax. Incubation began

no later than after the laying of the second egg. Two lines of evidence

support this: (1) seven of nine nests followed closely during laying were

attended by females for extended periods after laying of the second egg,

and (2) in seven of 10 nests the first two eggs laid hatched on the same
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day and 1-2 days before the third and fourth eggs hatched. In three other

nests, egg 1 hatched one day earlier than egg 2, suggesting incubation

began as early as the first day of laying. Three of the seven females

attending nests with two eggs were being fed by males, which further

corroborates extended nest attendance after laying ofthe second egg. King

(1955) observed some Willow Flycatcher females incubating after laying

the second egg, whereas Davis et al. (1963) reported “heavy” incubation

beginning with completion of the clutch in the Western Rycatcher. Mor-
ton and Pereyra (1985) found that Dusky Flycatchers regularly tended

eggs in the daytime after the laying of the second egg but that eggs were

not maintained for long periods at temperatures necessary for embryonic

growth.

The incubation period lasted 15-16 days. At four of six nests, the

incubation period was 1 5 days (days from laying of the last egg to hatching

of that egg). At two other nests, the incubation period was at least 1 5 and

at least 16 days, respectively. Bent (1942) reported the incubation period

as “12 to 15 days” and “13 or 14 days”, with one instance of 17 days.

Johnson (1963) recorded the incubation period as 14 days for one nest

and Morton and Pereyra (1985) reported a “usually observed” incubation

period of 15 or 16 days.

Nest attentiveness of females with complete clutches averaged 86.0 ±
0.35% for 1 5 nests (39 h observation). This compares with an attentiveness

of 77% for Hammond’s (Davis 1954), 77.1% for Least (Davis 1959), and

77.1-80.6% for Western (Davis et al. 1963) flycatchers. In the eastern

Sierra Nevada, mean attentiveness for Dusky Flycatchers for five nests

for the full period of incubation was 75.8% (Morton and Pereyra 1985).

In that study, total daytime attentiveness increased steadily with ambient

temperature, and this relationship may explain the difference between

attentiveness values in the Sierra Nevada and in Montana (this study).

Mean 2-h-interval ambient temperatures during the warmest part of the

day (13:00-17:00 h PDT) did not exceed 20°C in the Sierra Nevada, but

in Montana during the primary period of incubation (14 June- 14 July),

the mean maximum temperature was 29.3°C. Because of higher ambient

temperatures, there was likely an increased need to protect eggs from

damage by solar heating in Montana. Mean attentive and inattentive bouts

for Dusky Flycatchers averaged 2 1 .0 and 6.6 min, respectively (this study)

as compared to 19.3 and 6.8 min in the Sierra Nevada (Morton and

Pereyra 1985).

Incubation feeding frequently occurs in Dusky Flycatchers (see further),

and this inflated attentiveness values. At nests observed when incubation

feeding occurred at rates > 1 feeding/h (N = 7), attentiveness was higher

than at nests where incubation feeding did not occur (x =96.1 ± 0.13%

vs 84.2 ± 0.38%, respectively, P = 0.036).
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Incubation feeding. — Incubation feeding, which I define as food-bring-

ing by a male lo an attending female, occurred frequently in Dusky Fly-

catchers. At 13 nests watched for extended periods during incubation,

seven of 13 males (53.8%) were observed feeding incubating females.

Incubation feeding occurred as early as the first full day of incubation (at

3 nests with 2 eggs present) and as late as the last day of incubation (at

one nest on day 16 of incubation). Such feeding may also extend into the

brooding period. This occurred at two nests (on the second and fourth

days of brooding); during this period the female may eat the food herself

(10/25 instances) or transfer it to a nestling (15/25 instances).

The mean rate of incubation feeding (N = 7 nests, incubation period

only) was 5.38 ± 0.76 feedings/h (0.57 feedings/h [1 feeding in 105 min]

to 1 3 feedings/h
[

1 3 feedings in 60 min]). Although others have observed

incubation feeding in Ernpidonax flycatchers, only Manuwal (1968) and
Morton and Pereyra (1985) have reported it in Dusky Flycatchers. John-

son (1963) observed it once in Gray Flycatchers, Davis et al. (1963) saw

it once in Western Flycatchers, and Davis (1959) observed it 1 1 times in

6 h, and 12 times in 128 min at two nests of Least Flycatchers. It is

apparently rare in the Tyrannidae (Skutch 1960).

The circumstances under which incubation feeding occurred were as

follows: ( 1 ) the female was nearly always on the nest when the male arrived

with food (the female was off on only one of 58 feedings), (2) the male

directed feedings at the female’s mouth, not at her back, (3) females

accepted the food enthusiastically, (4) feedings occurred frequently, and

(5) feeding was more common during early incubation than near hatching.

These factors suggest that the function of incubation feeding in Dusky
Flycatchers is not to learn when the eggs hatch; thus, incubation feeding

in Dusky Flycatchers is not a type of anticipatory food bringing (Nolan

1958). Incubation feeding may help maintain the pair bond, however,

and because attentiveness was higher at nests where incubation feeding

occurred, incubation feeding may result in increased nest success.

Nestling period.— The average nestling period (time from hatching of

the first egg to fledging of the last nestling) at nests where fledging occurred

naturally (N = 8 nests) was 17.5 ± 0.63 days (range = 15-20 days).

Grinnell et al. (1930) report a nestling period of 18 days. This compares

with nestling periods of 14.5-17.5 days for the Western (N = 4) (Davis

et al. 1963), 17-18 days for Hammond’s (N = 2) (Davis 1954), and 12-

13 days for Willow (King 1955) flycatchers. The individual nestling in-

terval (after Nolan 1978), equivalent to nestling age at fledging, was 16.3

± 0.33 (range = 14-18) days (N = 32 young). For Willow Flycatchers,

Walkinshaw (1966) and Holcomb (1972a) report ages at fledging of 13.8

and 12.3 ± 0.1 days, respectively.

For first-hatched young, the average individual nestling interval was
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16.9 ± 0.40 days and for fourth-hatched young it was 15.8 ± 0.45 days.

This difference is marginally significant {P = 0.085) reflecting the fact that

even though fourth-hatched eggs hatched 1-3 days after the first, the

nestlings sometimes all fledged on the same day. Younger nestlings, while

not as developed as older nestlings, probably reduce the risk of predation

by leaving when older nestlings are motivated and in a condition to fledge

(Nolan 1978). The interval between the fledging of first- and last-hatched

nestlings varied from <4 min to >48 h (N = 8 nests).

Brood parasitism. —OnQ of 24 (4%) Dusky Flycatcher nests was para-

sitized by Brown-headed Cowbirds (Molothrus ater)\ however, cowbirds

were present on only one of the three study areas. Nine nests were found

at that area, so the parasitism rate where both flycatchers and cowbirds

were present was 1 1.1%. The parasitized nest was first found on 5 July,

and contained four flycatcher eggs and one cowbird egg. A predator in-

terfered at this nest and the cowbird nestling was last seen at 8 days of

age. One flycatcher eventually fledged from this nest.

There are 1 1 previous records of parasitism by cowbirds on Dusky
Flycatchers (Friedmann et al. 1977), but no published information on the

frequency of parasitism for this species. Records of other Empidonax
flycatchers being parasitized by cowbirds are not uncommon (i.e., Alder,

Willow, Least, Gray [E. wrightii], Hammond’s Western, Acadian [E. vi-

rescens], and Yellow-bellied [E. Jlaviventris] flycatchers) (Brandt 1947,

Friedmann et al. 1977). As a group, Empidonax flycatchers are not par-

asitized heavily, but moderately high rates of parasitism have been re-

ported for the Acadian (24%: Walkinshaw 1961), Traill’s (superspecies)

(21%: Hicks 1934; 20.8%: Berger and Parmalee 1952), and Willow (40.7%:

Sedgwick and Knopf 1988) flycatchers. Where breeding densities of cow-

birds are moderate to high, it appears that some Empidonax flycatchers

are susceptible to considerable parasitism. At least some parasitism of

Dusky Flycatchers probably occurs wherever circumstances bring Dusky
Flycatchers and Brown-headed Cowbirds into contact.

Nesting success.—Oi 95 eggs laid in 24 nests, 30 (31.6%) disappeared

and were presumably removed by predators; three eggs (3.2%) did not

hatch and 62 hatched successfully (65.2%). Johnson (1963) also reported

an egg survival rate of 65% (N = 27 eggs). Of 62 nestlings, 24 (38.7%)

were removed by predators or died in the nest, whereas 38 (6 1.3%) fledged.

Overall nesting success from laying to fledging was 40.0% (38/95).

Using the exposure procedure (Mayfield 1961) to calculate success, the

survival probabilities were as follows: survival of the egg to hatching =

0.638; hatching success = 0.954; survival of the hatchling to fledging =

0.619. The probability of survival from incubation through fledging was

0.638 X 0.954 x 0.619 = 0.376 (37.6%). This value compares with a
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mean survival of43% for nine open-nesting passerines (Nice 1 943); 44.6%
(King 1955), 65.6% (Walkinshaw 1966), and 36.4% (Holcomb 1972b) for

Willow Flycatcher; and 65% for Western Flycatcher {E. dijficilis) (Davis

et al. 1963).

The number ofyoung reared/nest was 1.6 ± 0.3(38 fledglings/24 nests).

Three pairs of flycatchers renested; hence, 21 pairs of adults reared an

average of 1 .9 young/pair. The mean number of Dusky Flycatchers fledged/

successful nest was 2.7 ± 0.3 (38 young from 14 nests). Nest success was
5 8 .3% ( 1 4 of 24 nests fledged > 1 young) with four nests ( 16.7%) producing

four young, five (20.8%) producing three young, two (8.3%) producing

two young, and three (12.5%) producing one young.
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BIOCHEMICAL AND MORPHOMETRIC
RELATIONSHIPS AMONG SOME

MEMBERS OF THE CARDINALINAE

Jeffrey W. Tamplin,- James W. Demastes,'-^ and
J. V. Remsen, Jr‘’2

Abstract.—We used starch-gel electrophoresis to analyze relationships among 1 3 species

in the subfamily Cardinalinae. These results were compared to a morphometric analysis of

1 5 skeletal characters and to a previous morphometric analysis of the subfamily by Hellack

and Schnell (1977). Our results supported the phenetic classification of Hellack and Schnell

and were more consistent with the classification of Hellmayr (1938) than with that of Paynter

(1970). Divergence in morphometries of skeletal characters in the Cardinalinae has been

primarily in size. Electrophoretic data suggest that the Yellow-shouldered Grosbeak (Cary-

othraiistes hiimeralis) is not a member of the Cardinalinae. In addition, if the broad genus

Saltator is to be retained, then the genus Pitylus should be merged into it, and the Dickcissel

{Spiza americana) is the outgroup to all other Cardinalinae examined (excluding Cary-

othraiistes humemlis). Received 22 Nov. 1991, accepted 15 April 1992.

The subfamily Cardinalinae (Emberizidae/Fringillidae), consists of 37-

42 species of cardinals, grosbeaks, and buntings (Paynter 1970, Morony
et al. 1975, Sibley and Monroe 1990). Following a trend over the last

three decades toward broader generic limits in avian systematics, seven

genera {Hedymeles, Richmondena, Pyrrhuloxia, Cyanocompsa, Cyano-

loxia, Guiraca, and Porphyrospiza) recognized by Hellmayr (1938) were

merged into other genera by Paynter (1970). However, as has been typical

ofavian systematics throughout much of its history, reasons for taxonomic

changes were not explicit.

Hellack and Schnell (1977) used plumage characters and skeletal mea-

surements from Hellack (1976) to investigate phenetic relationships among
the Cardinalinae. Although their phenetic classification resembles those

of Hellmayr (1938), Paynter (1970), and Sibley and Monroe (1990), Hel-

lack and Schnell’s groupings were generally more similar to those of Hell-

mayr and of Sibley and Monroe than to those of Paynter. For example,

morphometric results suggested that Paynter’s expanded genus Passerina

was a heterogenous and paraphyletic group (to the extent that overall

similarity mirrors phylogeny). Hellack and Schnell’s analysis also sug-

gested that the genus Saltator, the limits of which have remained essen-

tially unchanged during this century, might require revision.

With the advent of protein electrophoresis and other molecular-based

' Museum of Natural Science, Louisiana State Univ., Baton Rouge, Louisiana 70803.

2 Dept, of Zoology & Physiology, Louisiana State Univ., Baton Rouge, Louisiana 70803.
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techniques as tools for determining phylogenetic relationships, we have

the opportunity to compare the results of genetic data to traditional,

morphologically based classifications. We chose to focus on the Cardi-

nalinae because Hellack and Schnell’s classification provided an oppor-

tunity for comparison between a classification based on morphological

characters with one based on allelic characters. We also sought to clarify

the placement of the Yellow-shouldered Grosbeak {Caryothraustes hu-

meralis), because several observers have noted that this species differs in

some aspects of its natural history from other Caryothraustes species

(Remsen and Ridgely 1980, Schulenberg et al. 1984, Remsen and Traylor

1989, Ridgely and Tudor 1989), providing further support for Hellmayr’s

(1938) concern that this species was not closely related to other Cary-

othraustes. Because skeletal material is now available for several taxa not

available to Hellack and Schnell, we also include a morphometric analysis

to examine the phenetic placement of these taxa.

MATERIALS AND METHODS

Electrophoresis.— TissvLQ samples from 27 individuals representing 16 taxa were collected

between 1981-1985 by personnel of the Museum of Natural Science, Louisiana State Univ.

Atlapetes brunneinucha (Fringillidae), Catamblyrhynchus diadema (Catamblyrhynchidae),

and Querula purpurata (Cotingidae) were designated outgroups. The outgroup taxa vary in

their phylogenetic relationships with the Cardinalinae, and these three outgroups were se-

lected to maximize flexibility in the analyses and to allow comparisons between results

generated by using different outgroups. Cardinaline taxa were selected to maximize potential

comparisons with Hellack and Schnell’s study by including at least one taxon from each of

Hellack and Schnell’s “best phenetic classification” clusters (Table 1). Generally, two in-

dividuals per taxon were examined. Thus, the number of species-level taxa was emphasized,

rather than number ofindividuals per taxon, to estimate patterns ofgenetic variation among
a variety of taxa.

Detailed procedures for collection, transport, and storage of tissues followed Johnson et

al. (1984). Samples consisted of pooled portions of heart, liver, kidney, and pectoral muscle

(<1.5 g total) minced and homogenized with an approximately equal volume of deionized

water, and centrifuged at 1 2,000 rpm for 30 min. The supernatant was removed and stored

at — 70°C, and the pellet discarded. Standard horizontal starch-gel electrophoresis (Harris

and Hopkinson 1976) was performed on the supernatant, using an 1 1.5% starch-gel and a

variety of buffer systems (Tris-citrate II, pH 8.0; Lithium hydroxide, pH 8.0; phosphate

citrate, pH 6.8; and Poulik, pH 8.7; see Selander et al. 1971).

Loci analyzed were; ADA (E.C. 3. 5.4.4), AGPD (1.1. 1.8), AK (2. 7. 4. 3), CK (2. 7. 3. 2),

GDH (1.1.1.47), GOTl (2.6.1. 1), GOT2 (2.6.1. 1), ICDl (1.1.1.42), ICD2 (1.1.1.42), LDH
(1.1.1.27), PEP-LGG (3.4.11), MDHl (1.1.1.37), MDH2 (1.1.1.37), MPI (5.3. 1.8), NP
(2.4.2. 1), PGI (5.3. 1.9), PGM (2.7.5. 1), 6PGD (1.1.1.44). Staining techniques and enzyme

nomenclature follow Harris and Hopkinson (1976). Genotypic data for each individual at

each locus were entered into Swoffbrd and Selander’s (1981) BIOSYS-1 computer program

which was used to compute genetic distance coefficients of Nei (1978) and Rogers (1972),

to derive distance Wagner trees, and to compile associated phenograms based on Rogers’

(1972) genetic distance. Strict consensus trees were generated using PAUP (Swoffbrd 1989),

coding loci as characters and alleles as character states; the stability ofthe branching diagrams
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Table 1

Taxa Studied, Identification Number for PCA Plots, and Sample Sizes for the

Skeletal and Electrophoretic Analyses

Num Skeletal data Eleclro-

. phoresis
her Species N (<5) N (5) N

1 Dickcissel {Spiza americana) 1 1 2

2 Yellow Grosbeak {Pheucticus aiireoventris) 2 0 1

3 Yellow-bellied Grosbeak {P. chrysogaster) 0 1 0

4 Yellow Grosbeak {P. chrysopeplus) 2 0 0

5 Rose-breasted Grosbeak {P. ludovicianus) 6 3 2

6 Black-headed Grosbeak {P. melanocephalus) 2 2 0

7 Northern Cardinal {Cardinalis cardinalis) 10 10 0

8 Pyrrhuloxia (C. siniiatus) 2 0 2

9 Yellow-green Grosbeak {Caryothraustes

canadensis) 2 2 0

10 Yellow-shouldered Grosbeak (C. humemlis) 1 0 1

1

1

Crimson-collared Grosbeak {Rhodothraupis

celaeno) 0 2 0

12 Slate-colored Grosbeak (Pitylus grossus) 4 1 1

13 Streaked Saltator (Saltator albicollis) 2 2 2

14 Black-throated Saltator atricollis) 2 0 0

15 Golden-billed Saltator {S. aurantiirostris) 4 4 2

16 Masked Saltator {S. cinctus) 0 1 0

17 Grayish Saltator (5. coerulescens) 6 3 2

18 Buff-throated Saltator (S. maximus) 7 6 2

19 Black-cowled Saltator {S. nigriceps) 0 1 0

20 Rufous-bellied Saltator {S. rufivenths) 2 0 0

21 Green-winged Saltator {S. similis) 1 0 0

22 Lazuli Bunting {Passerina amoena) 0 1 0

23 Ultramarine Grosbeak {P. brissonii) 1 1 0

24 Blue Grosbeak {P. caerulea) 2 2 2

25 Painted Bunting {P. ciris) 2 2 0

26 Indigo Bunting [P. cyanea) 2 2 2

27 Blue-black Grosbeak [P. cyanoides) 2 2 2

28 Indigo Grosbeak (P. glaucocaerulea) 1 1 0

29 Orange-breasted Bunting {P. leclancherii) 1 0 0

30 Blue Bunting {P. parellina) 0 1 0

31 Rose-bellied Bunting {P. rositae) 1 0 0

32 Varied Bunting {P. versicolor) 1 0 0

33 Rufous-sided Towhee (Pipilo erythrophthalmus) 1 1 0

34 Chipping Sparrow (Spizella passerina) 1 1 0

35 Purple-throated Fruitcrow {Querula purpurata) 0 0 1

36 Chestnut-capped Brush-finch {Atlapetes

brunneinucha) 0 0 1

37 Plush-capped Finch {Catamblyrhynchus diadema) 0 0 1
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was tested with the bootstrap procedure (Felsenstein 1985). Allelic frequency data generated

from BIOSYS-1 were entered into the SAS (SAS Institute, Inc. 1985) program “PRIN-
COMP,” which performed a principal components analysis (PCA) on arcsine square-root

transformations of allelic frequencies. The transformations are intended to remove the

dependence of the variance on the mean allelic frequency. Barrowclough and Johnson ( 1 988)

demonstrated the usefulness ofexecuting a PCA on gene frequency data, showing that, unlike

morphometric data, the genetic loci analyzed are the products of separate genomic sequences

and thus are independent of each other. In light of this, PCA will not reduce the dimen-

sionality of the data unless nongenetic factors, such as isolation, gene flow, selection, or

“phylogenetic relatedness” influence many (or all) of the loci examined.

Morphometries.— Table 1 lists all species analyzed, the code given to each, the number
of skeletons, and the composition of samples with regard to sex. The 15 measurements

selected were those found to be relatively repeatable (in the Fox Sparrow [Passerella iliaca])

by Zink (1983) and were chosen to represent a variety of regions, peripheral and core, of

the bird skeleton. These measurements, made to the nearest 0.01 mm, are (1) SW = skull

width, (2) SL = skull length, (3) CO = coracoid length, (4) SC = width of proximal end of

scapula, (5) ST = sternum length, (6) PS = posterior synsacrum length, (7) SY = greatest

width of synsacrum, (8) FP = width of proximal end of femur, (9) FD = width of distal end

of femur, ( 1 0) FL = femur length, (11) TB = tibiotarsus length, ( 1 2) HT = head oftrochanter

(humerus), (13) HL = humerus length, (14) UL = ulna length, and (15) UP = width of

proximal end of ulna. The majority of these measurements are described and illustrated by

Robins and Schnell (1971).

These linear measurements were analyzed using univariate and multivariate techniques.

To determine the feasibility ofpooling sexes ofthe same species in the analyses, we quantified

sexual dimorphism in the two species for which we had the largest samples, the Northern

Cardinal {Cardinalis cardinalis) and (Saltator aurantiirostris). Analysis of variance (ANO-
VA) using SAS (SAS Institute, Inc. 1985) was used to analyze means of male, female, and

pooled samples.

Taxonomic distances, calculated from standardized data, were used to construct UPGMA
phenograms using the computer program “NTSYS” (Rohlf et al. 1974). Again, the analyses

were performed on the three diflerent data sets (male, female, and pooled). For each tree,

a cophenetic correlation coefficient was calculated to indicate the goodness of fit of each

tree to the original distance matrix (Rohlf et al. 1974).

Four taxa were represented by specimens lacking the rhampotheca; Passerina rositae, P.

glaucocaerulea, P. versicolor, and Rhodothraupis celaeno. All analyses were performed with

and without these taxa. In addition, the only character that would have been affected by

the absence of the rhampotheca, skull length, was dropped in separate analyses. Results of

these analyses failed to reveal any significant effect on the placement of the four taxa in

question. However, omission of skull length did affect the placement of the other taxa. For

this reason skull length was retained in the remaining analyses.

Two species of Emberizinae, a different subfamily within the Emberizidae, were included

as “outgroups”: Chipping Sparrow (Spizella passerina) and Rufous-sided Towhee {Pipilo

erythrophthalmus). The Chipping Sparrow is similar in body size and bill shape to many
cardinaline buntings, and the towhee is, likewise, superficially similar to many cardinaline

grosbeaks and saltators.

Because taxa of the Cardinalinae range from 20 to 80 g in body mass, we attempted to

correct for the effect of body size on the raw data. Body mass itself was not used because

of its inherent variability in small samples and because it was not available for several taxa.

Wiedenfeld (1978) found that for the Tyrannidae the length of the humerus was strongly

correlated (r = 0.98) with cube root of body weight, and that this was the highest correlation
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Table 2

Distribution of Electromorphs (Denoted by Lower Case Letters) in

Cardinalinae and One Outgroup Taxon {Quekui^a furfurata)

13

Species

Locus'*

1 2 3 4 5 6 7 8 9 10 1

1

12 13 14 15 16 17 18

Spiza americana ce e a a a ac a d b a c a a a df a b d

Pheiiticus aureo-

ventris c a b a a c a a b a e a a a d a b c

P. liidovicianus c a b a a c a b b a c a a a d a b be

Cardinalis sin-

uatus c a b a a c a b b a e a a a e a b c

Caryothraustes

humeralis d c a a a b a b a a d a a a a a c c

Pityliis grossus e b b a a c a d b a c a a a bd a ac b

Saltator alhicollis e b b a a c a cd b a ac a a a e a c b

S. aurantiirostris e b b a a c a b b a c a a a e a c b

S. coerulescens e b b a a c a d b a c a a a e a c ab

S. maximils e b b a a c a c b a ce a a a ce a be b

Passerina

caerulea c b b a a c a b b a c a a a d a b c

P. cyanea b b b a a a a b b a c a a a d a b c

P. cyanoides c b b a a c a b a a ac a a ab d a b be

Querula pur-

purata a d c a a d b c c a b a a c d a b e

“ Loci in order are: ADA, AGDP, AK. CK, GDH, GOTl, GOT2, ICDl, ICD2, LDH, PEP-LGG, MDHl, MDH2, MPI,
NP. PGI, PGM, 6PGD.

with weight among 58 skeletal characters. By using the cube root, weight was transformed

to a linear variable comparable to humerus length (Wiedenfeld 1978). To determine if the

relationship between humerus length and cube root ofbody mass holds for the Cardinalinae,

we calculated the regression coefficient of humerus length on the cube root of weight. This

regression indicated a strong relationship (r 0.91). Using humerus length to estimate body

size, linear regressions were performed with humerus length as the independent variable

and all other characters as dependent variables. Following Reist’s (1986) method for size

correction, residuals were used as raw data in the same analyses described above.

RESULTS

Electrophoresis. — EighlQQw loci were identified for each of the individ-

uals sampled, of which five were monomorphic, six showed few (2-3)

alleles, and seven were highly variable. The distribution of alleles for 18

loci among the Cardinalinae taxa and one outgroup taxon is presented in

Table 2. Nei’s (1978) genetic distance values within the Cardinalinae range

from 0.019 to 0.732 (Table 3). Rogers’ (1972) genetic distance values

within the Cardinalinae range from 0.056 to 0.529 (Table 3). The average
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Spiza amencana

Passerina cyanea

Passerina (Cyanocompsa) cyanuides

Pheucticus ludovicianus

Passerina (Guiraca) caerulea

Pheuaicus aureoventris

Cardinalis sinuatus

Pitylus grossus

Saltaior coerulescens

Saltaior albicollis

Saltaior aurantiirostris

Saltaior maximus

Caryothraustes humeralis

Querula purpurata"

I I I I I 1

0.60 0.48 0.36 0.24 0.12 0.00

Genetic distance

Fig. 1. UPGMA phenogram derived from Rogers’ (1972) genetic distance matrix. The
cophenetic correlation coefficient is 0.964. Asterisk (*) denotes outgroup.

intrageneric genetic distance values (D) are: Saltator = 0.066 (N = 4);

Passerina = 0.013 (N = 3); and Pheucticus = 0.1 19 (N = 2). The average

genetic distance between members of the subfamily is 0.324; however,

computing D for the subfamily excluding Caryothraustes humeralis re-

duces the value to 0.269.

A UPGMA phenogram (Fig. 1) reveals relationships that are funda-

mentally similar to Hellack and Schnell’s (1977) “best phenetic classifi-

cation.” Querula purpurata was chosen as the outgroup in the distance

analysis because it displayed the most unique alleles among the potential

outgroups and it clarified the branching diagrams. Most noteworthy is

the removal of Caryothraustes humeralis from the Cardinalinae lineage.

The other major difference is the placement of Cardinalis sinuatus, which

although phenetically linked to the Saltator complex, clusters genetically

with the Passerina-Pheucticus complex.

A 50% majority rule consensus tree, 49 steps long, was produced from

172 most parsimonious trees (Fig. 2). Consensus trees were generated

using Atlapetes brunneinucha, Catarnhlyrhynchus diadema, and Querula

purpurata as outgroups. These trees show similarities to each other as

well as with the UPGMA phenogram (Fig. 1). The major differences

between the consensus tree with Q. purpurata as the outgroup and Fig. 1
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81

86

Caryothraustes humeralis

Passerina cyanoides

Spiza americana

Pitylus grossus

72

94 -

94 -

Saltator maximus

Saltator coerulescens

Saltator albicollis

Saltator aurantiirostris

Passerina cyanea

Pheucticus aureoventris

Cardinalis sinuatus

Pheucticus ludovicianus

Passerina caerulea

*— — Querula purpurata'

Fig. 2. Strict consensus tree of 14 taxa. The length of the tree is 49 steps, and the

consistency index is 0.677, excluding uninformative characters. The numbers indicated on

the branches correspond to the percentage of 172 most parsimonious trees which support

the plaeement of that branch. Asterisk (*) denotes outgroup.

were the placement ofPasserina {Cyanocompsa) cyanoides, which clusters

with Caryothraustes humeralis due to the presence of a synapomorphy at

the ICD-2 locus. Caryothraustes humeralis, however, shows eight auta-

pomorphies, which accounts for its removal from the subfamily in the

distance analysis. In addition, the placement of Spiza americana within

the Pitylus-Saltator complex contrasts with its outlying position in Fig.

1. A strict consensus tree, 41 steps long, with Atlapetes brunneinucha as

the outgroup is nearly identical to Fig. 2. The consensus tree with C.

diadema as the outgroup is identical to Fig. 2, with the exception of Spiza

americana, which is the outlier to all Cardinalines in both this tree as

well as in Fig. 1 (with the exception of Caryothraustes humeralis). A strict

consensus tree 50 steps long was generated using both A. brunneinucha

and Q. purpurata as outgroups. This tree is identical (with the addition

of Q. purpurata) to the consensus tree with Atlapetes as the only outgroup.

Using different outgroups and combinations of outgroups had little effect

on the results of the cladistic analyses. Cladistic analyses ofallozyme data

are compromised, however, because they do not consider gene frequency

information (Swofford and Berlocher 1987). Bootstrapping (Felsenstein

1985) the consensus trees collapsed all nodes of the branching diagram,
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Fig. 3. Distribution of 14 taxa across Principal Components 1, 2, and 3 based on

electrophoretic data. Species numbers are: (1) Spiza americana] (2) Pheucticus aureoventris\

(5) P. ludovicianus', (8) Cardinalis sinuatus\ (10) Caryothraustes humeralis\ (12) Pitylus

grossus', ( 1 3) Saltator albicollis\ (15)5’. aurantiirostris; (17)5. coerulescens\ (18)5. maximus\

(24) Passerina caerulea\ (26) P. cyanea; (27) P. cyanoides\ (35) Querula purpurata.

except the branches associated with the outgroup(s), resulting in one large

Cardinalinae cluster.

Principal component 1, which explains 28% of the total variation, sep-

arates the Saltator- Pitylus complex from the Pheucticus-Passerina cluster

and demonstrates the distinctiveness of the outgroup Querula purpurata

(Fig. 3). Principal component 2 explains 21% of the total variance and

serves chiefly to isolate the outgroup from the Cardinalinae, although the

Passerina-Pheucticus grouping appears well-removed from the remaining

taxa. Principal component 3 (16% of the total variance) shows marked
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disjunction between Caryothraustes and other Cardinalinae, and further

contributes to isolating the outgroup. Thus, in the plot of the first three

components, which accounts for nearly 65% of the total variance, Car-

yothraustes humeralis and Querula purpurata are clearly distinct from the

other Cardinalinae, as well as from each other. Loci showing substantial

contributions of the original variables to the PC axes are: PGM, ADA,
6GPD, and NP (PC 1); ICDl, GOTl, GOT2, MPI, AK, and AGPD (PC

2); and ICD2, PGM, NP, PEP-LGG and AK (PC 3).

Morphometries. —ANOVA revealed pronounced sexual dimorphism in

skeletal characters. In Cardinalis cardinalis, 10 of 15 characters differed

significantly {P < 0.05), with the males being larger. In Saltator auran-

tiirostris, 1 1 characters differed significantly, with the females having larg-

er values. Differences of this magnitude, producing bimodality of the

sample means, indicate that the sexes should not be pooled (Wallace

1984). Because of limited sample sizes, Hellack and Schnell (1977) were

forced to pool sexes in several species.

The amount of variation described by PC 1 in the combined male and

female PCA uncorrected for size ranged from 88.6% in females to 97.4%
in males. PC 2 described from 2.0% to 5.4% and PC 3, from 0.8% to

2.7%. Character loadings were equal and positive on PC 1; this suggests

that PC 1 is strongly related to body size (Wiley 1981, Freeman and

Jackson 1990). Examination ofPCA plots (Figs. 4 and 5) further indicates

that the effect of size on this analysis is great. Smaller species in the

expanded genus Passerina are found on the low end of PC 1, whereas the

largest saltators and grosbeaks are on the higher end.

UPGMA phenograms without size correction (Figs. 6 and 7) also show
the effects of body size. The smaller Spizella passerina tends to cluster

with the smaller cardinalines and Pipilo erythrophthalmus clusters with

some saltators and other large species.

In analyses with the data standardized for body size (Fig. 8), PC 1

describes from 28% to 33% of the total variation, PC 2 ranges from 20%
to 33%, and PC 3 describes 13% in all three plots. The total variation

described by the plots is 61% for the combined samples, 63% for the male

samples, and 69% for the female samples.

After correction for body size, the two outgroups are well separated

from the main group, although Saltator nigriceps is found near Pipilo

erythrophthalmus in both the plots of females and the combined samples.

Spiza americana is also found outside the subfamily. Pheucticus melan-

ocephalus and P. ludovicianus are close together as would be expected of

two allospecies that hybridize (West 1962). However, the allospecies P.

chrysogaster and P. chrysopeplus did not cluster together, presumably

because these taxa are only represented by female and male samples

respectively. The Cardinalis samples, however, do not cluster together in
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Fig. 4. Distribution of 28 taxa across Principal Components 1, 2, and 3 based on

uncorrected morphometric data of male specimens only. Species numbers are: (1) Spiza

americana\ (2) Fheucticus aureoventris\ (4) P. chrysopeplus\ (5) P. ludovicianus\ (6) P. me-

lanocephalus\ (7) Cardinalis cardinalis\ (8) C sinuatus\ (9) Caryothraustes canadensis; (10)

C hurneralis; (12) Pitylus grossus; (13) Saltator a/bicollis; (14) S. atricollis; (15) 5. auran-

tiirostris; (17) S. coerulescens; (18) S. maximus; (20) 5'. rufventris; (21) S. similis; (23)

Passerina brissonii; (24) P. caerulea; (25) P. ciris; (26) P. cyanea; (27) P. cyanoides; (28) P.

glaucocaeridea; (29) P. leclancherii; (31) P. rositae; (32) P. versicolor; (33) Pipilo erythro-

phthalmus; and (34) Spizella passerina. Bold circles indicate taxa used in the electrophoretic

analysis.

the plot of male-only samples. Caryothraustes humeralis is found within

the main group but not near its supposed congener C. canadensis.

The combined male and female UPGMA phenogram (Fig. 9) corrected

for size gives results similar to those of the size corrected PCA. Both

outgroups cluster outside most Cardinalinae, although S. nigriceps again

is also found outside the subfamily. Caryothraustes humeralis is in the

main group, but again apart from C. canadensis. The cardinals remain a

distinct cluster. Fheucticus melanocephalus and P. ludovicianus again clus-
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Fig. 5. Distribution of 24 taxa across Principal Components 1, 2, and 3 based on

uncorrected morphometric data of female specimens only. Species numbers are; (1) Spiza

americana\ (3) Pheucticus chrysogaster, (5) P. ludovicianus\ (6) P. melanocephalus\ (7) Car-

dinalis cardinalis\ (9) Caryothraustes canadensis-, (11) Rhodothraupis celaeno', (12) Pitylus

grossus-, (13) Saltator albicollis; (15) 5. aurantiirostris-, (16) 5". cinctus-, (17) S', coerulescens',

( 1 8) S. maximum-, ( 1 9) S. nigriceps-, (22) Passerina amoena-, (23) P. brissoni-, (24) P. caerulea-,

(25) P. ciris; (26) P. cyanea-, (27) P. cyanoides-, (28) P. glaucocaerulea-, (30) P. parellina-, (33)

Pipilo erythrophthalmus-, and (34) Spizella passerina. Bold circles indicate taxa used in the

electrophoretic analysis.

ter closely. Species from two large genera, Passerina and Saltator, show
little tendency to cluster together.

Results from the analyses without size-correction resemble both the

Hellack-Schnell and the biochemical classifications. However, our results

indicate that both Passerina (Guiraca) caerulea and P. {Cyanocompsa)

cyanoides lie outside the main group of cardinalines along with Cary-

othraustes, whereas Hellack and Schnell placed P. caerulea outside Pas-
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Passerina (Cyanocompsa) brissonii
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Pheucticus aureoventris
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Pitylus grossus

Sallator atricollis
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Pheucticus ludovicianus

Pheucticus melanocephalus

Cardinalis cardinalis

Saltator similis

Sallator albicollis

Saltator aurantiirostris

Pipilo erythrophihalmus’

Saltator rufiveniris

Passerina (Cyanoloda) glaucocaerulea

— Passerina ciris

— Passerina rositae

— Passerina cyanea

— Passerina versicolor

Passerina leclancherii

Spizella passerina'

I I I \ \ I I I

6.013 5.213 4.413 3.613 2.813 2.013 1.213 0.413

Taxonomic distance

Fig. 6. UPGMA phenogram derived from uncorrecled morphometric data based on

male specimens only. The cophenetic correlation coefficient is 0.832. Asterisk (*) denotes

outgroups.

serina. In addition, P. brissonii clusters with P. caerulea and P. cyanoides

in the separate phenograms for the sexes. Hellack and Schnell’s results

also suggest that Cardinalis and Pheucticus contain species that morpho-

logically are more similar to each other than to species in other genera,

whereas our results do not indicate this. The fragmented nature of the
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— Spiza americana

Passerina (Cyanocompsa) brissonii

Caryothrausies canadensis

Passerina (Cyanocompsa) cyanoides

Passerina (Guiraca) caerulea

Passerina (Cyanoloxia) glaucocaendea

Passerina ciris

Passerina cyanea

Passerina amoena

Passerina (Cyanocompsa) parellina

Pheucticus aureoventris

Saltator maximus

Saltator albicollis

Pheucticus ludovicianus

Pheucticus melanocephalus

Pitylus grossus

Cardinalis cardinalis

Rhodothraupis celaeno

Saltator aurantiirostris

Saltator cinctus

Pipilio erythrophthalmus’

Pheucticus chrysogaster

Saltator coerulescens

Saltator nigriceps
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1.775 1.525 1.275 1.025 0.775 0.525 0.275 0.025

Taxonomic distance

Fig. 7. UPGMA phenogram derived from uncorrected morphometric data based on

female specimens only. The cophenetic correlation coefficient is 0.759. Asterisk (*) denotes

outgroups.

genus Saltator results from the inclusion of many taxa not included in

Hellack and Schnell’s analysis of skeletal characters. The clustering of

Pitylus grossus and Rhodothraupis celaeno within the saltators agrees with

Hellack and Schnell’s (1977) results. The results of the size-corrected

phenograms agree with our biochemical results on the distinctiveness of

Spiza americana. However, the separation of two pairs of hybridizing

allospecies (Passerina cyanea and P. amoena; Pheucticus ludovicianus and
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Fig. 8. Distribution of 34 taxa across Principal Components 1, 2, and 3 based on size-

corrected morphological data of both males and females. Species numbers are: (1) Spiza

americana; (2) Pheucticus aureoventris\ (3) Pheucticus chrysogaster, (4) P. chrysopeplus; (5)

P. liidovicianus\ (6) P. melanocephalus\ (7) Cardinalis cardinalis\ (8) C. sinuatus\ (9) Car-

yothraustes canadensis-, ( 1 0) C humeralis', (11) Rhodothraupis celaeno', ( 1 2) Pitylus grossus;

(13) Saltator alhicollis', (14) .S’, atricollis-, (15) S. awantiirostris-, (16) S. cinctus-, (17) S.

coerulescens-, (18) S. maximus-, (19) 5’. nigriceps-, (20) S. ruftventris-, (21) S. similis-, (22)

Passerina amoena; (23) P. hrissony (24) P. caerulea-, (25) P. ciris-, (26) P. cyanea-, (27) P.

cyanoides-, (28) P. glaucocaerulea-, (29) P. leclancheriy (30) P. parellina-, (31) P. rositac-, (32)

P. versicolor, (33) Pipilo erythrophthalmus-, and (34) Spize/la passerina. Bold circles indicate

taxa used in the electrophoretic analysis.

P. melanocephalus) indicates problems with phylogenetic interpretations

of these results.

DISCUSSION

The results of our morphometric analysis present a problem to system-

atists who would use morphometries to infer phylogeny. If correction for
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Fig. 9. UPGMA phenogram derived from size-corrected morphological data of both

sexes. The cophenetic correlation coefficient is 0.789. Asterisk (*) denotes outgroups.
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size is not made, then it is impossible to distinguish outgroups. However,
if correction for size is made, then the resulting phenogram makes little

sense. For example, the phenogram places two hybridizing allospecies,

Passerina amoena and P. cyanea (Sibley and Short 1959), in different

clusters. Phenetic analyses of morphometric data may not be able to

separate outgroups when variability in size is large among the taxa under

investigation and when shape differences are small, as in the Cardinalinae,

which seem to have undergone little divergence in shape. On the other

hand, our results suggest that size itself has a phylogenetic basis within

the Cardinalinae. Although we cannot rule out the possibility that mea-
surement of additional characters would have provided more resolution,

most morphometric analyses of birds have shown that most skeletal char-

acters, particularly in the trunk skeleton, are highly autocorrelated and

contribute little additional information.

Relationships of Passerina, Guiraca, and Cyanocompsa.—HeWmdiyv

(1938) and Hellack and Schnell (1977) favored retention of all three gen-

era, whereas Paynter (1970) merged Guiraca and Cyanocornpsa in Pas-

serina without comment. Because biochemical data suggest that Passerina

{Guiraca) caerulea might be more closely related to Pheucticus ludovici-

anus than to either Passerina cyanea or Passerina {Cyanocornpsa) cy-

anoides, our results support the classifications ofHellmayr (1938), Hellack

and Schnell (1977), the AOU (1983), Ridgely and Tudor (1989), and

Sibley and Monroe (1990), in retaining the genera Guiraca and Cyano-

cornpsa. Unfortunately, tissue samples for the Blue Bunting {Passerina

[Cyanocornpsa] parellina), the Indigo Grosbeak {Passerina [Cyanoloxia]

glaucocaerulea), and the Blue Finch {Passerina [Porphyrospiza] caerules-

cens) were not available. Ridgely and Tudor (1989) removed the latter

species from the Cardinalinae, a change supported by Bates et al. (in

press).

Monophyly of Pheucticus. — HeWdick and Schnell (1977) found that the

genus Pheucticus as viewed by Paynter (1970) consisted of two rather

different groups, one of which was more closely related to Guiraca (see

above). Hellmayr (1938) had previously separated these two groups into

two genera, retaining Hedymeles for ludovicianus and melanocephalus.

Our results, both biochemical and morphometric, support the classifi-

cations ofHellmayr and Hellack and Schnell. Paynter’s broader Pheucticus

may be paraphyletic, with Guiraca seemingly more closely related to

Pheucticus'" ludovicianus and Cardinalis cardinalis more closely related

to P. aureoventris. However, the difference in allozymes is so small among

these taxa that we hesitate to recommend resurrection of Hedymeles for

ludovicianus and melanocephalus without corroborating data from other

kinds of analyses. The strong plumage and vocal similarities between
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ludovicianus and melanocephalus and the aureoventris group (Ridgely and

Tudor 1989; Remsen, pers. obs.) seem unlikely to be merely shared prim-

itive characters. Likewise, the strong plumage and vocal similarities of

Guiraca caerulea to the Passerina buntings seem unlikely to be merely

shared primitive characters. These similarities, obviously, have been re-

sponsible for current taxonomic arrangement.

Monophyly ofSaltator. — Hellack (1976) and Hellack and Schnell (1977)

concluded that Saltator is not a monophyletic group. Our results also

support this conclusion but for different reasons. Our biochemical data

indicate that Pitylus grossus, traditionally treated as a close relative of

Saltator, is more closely related to S. coerulescens than the latter is to

three other species of Saltator (Fig. 1). Hellack and Schnell (1977) also

found that P. grossus was more closely related to some saltators, including

S. coerulescens, than those saltators were to other Saltator species; their

branching pattern, however, differed in several ways from that shown in

Fig. 1. For example, they found that Saltator maximus clustered with S.

coerulescens, whereas we found that S. maximus was the most divergent

Saltator analyzed. Because we analyzed only four species within this large

genus, specific taxonomic recommendations are not warranted other than

the merger of Pitylus into Saltator.

Relationships of Spiza americana. —AWhongh current classifications

(Morony et al. 1975, AOU 1983) follow Paynter (1970) and Hellack and

Schnell (1977) in placing the Dickcissel in the Cardinalinae, others have

proposed that its relationships lie elsewhere. Our results indicate that

Spiza americana is the outgroup to all Cardinalinae analyzed except Car-

yothraustes humeralis, which is probably not a true cardinaline (see be-

low). This was also the case in our size-corrected morphological data.

This contrasts with the results of Hellack and Schnell (1977), who found

that Spiza was the sister taxon to Passerina sensu strictu. Clearly, a more
extensive analysis is needed to determine the relationships of Spiza.

Relationships of Caryothraustes humeralis.—The Yellow-shouldered

Grosbeak (C. humeralis) has been included with the other species in the

genus Caryothraustes since the classification ofHellmayr (1938). Hellmayr

noted, however, that C. humeralis “probably deserves generic separation”

and gave plumage and bill shape features that distinguished it from other

Caryothraustes. Hellmayr proposed that it was “intermediate” between

Saltator, the genus in which it was placed by Chapman (1926), and the

other Caryothraustes. Hellack and Schnell (1977), however, retained hu-

meralis in Caryothraustes on the basis of plumage characters, and their

analysis suggested that Caryothraustes was most closely related to Cyano-

compsa.

Virtually nothing was known ofthe natural history of C. humeralis until
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recent fieldwork in western Amazonia revealed that the species was more
widely distributed than formerly believed and that it was a scarce member
of mixed-species canopy flocks composed primarily of tanagers (Remsen
and Ridgely 1980, Schulenberg and Remsen 1982, Cardifi' 1983, Schu-

lenberg et al. 1984). We propose that humeralis might not be related to

other Caryothraustes species because, in addition to the characters pointed

out by Hellmayr (1938), humeralis differs from other Caryothraustes

members in its feeding social system (quiet, inconspicuous, and solitary

or in pairs in mixed-species flocks versus noisy, single-species flocks).

Our results suggest that Caryothraustes humeralis is not a member of

the Cardinalinae. It is the outgroup to all taxa analyzed, including Spiza,

other than the cotinga Querula purpurata. In terms of Nei’s (1978) genetic

distance, it is almost as distant from the Cardinalinae as is Querula, a

member of a different suborder within the Passeriformes.

In the absence of tissue samples from other Caryothraustes species, the

relationships of humeralis to its purported congeners cannot be ascer-

tained at present. It is not surprising that C. humeralis clustered with its

congener, C. canadensis, in the morphological phenograms uncorrected

for size because overall similarities in size and shape probably contributed

to the original allocation of humeralis to the genus Caryothraustes. We
predict that humeralis will be found to be unrelated to other species in

the genus Caryothraustes.

ACKNOWLEDGMENTS

We thank the Univ. of Michigan Museum of Zoology for the loan of skeletal material.

We also thank the following people, all of whom contributed to the development of this

work: J. A. Gerwin, S. J. Hacked, and R. M. Zink. The manuscript benefited from the

comments of J. M. Bates, D. W. Foltz, M. S. Hafner, W. B. Stickle, and R. M. Zink. This

manuscript was an outgrowth of Tamplin’s and Demastes’ research papers for Remsen’s

ornithology class at LSU.

LITERATURE CITED

American Ornithologists’ Union. 1983. Check-list of North American birds. 6th ed.

A.O.U., Washington, D.C.

Barrowclough, G. F. and N. K. Johnson. 1988. Genetic structure of North American

birds. Proc. XIX Internal. Ornith. Congress, pp. 1630-1638.

Bates, J. M., T. A. Parker III, A. P. Capparella, and T. J. Davis. Observations on

campo, cerrado, and forest avifaunas of eastern Dpto. Santa Cruz, Bolivia, including

21 species new to the country. Bull. Brit. Ornith. Club (in press).

Cardiff, S. W. 1983. Three bird species new for Peru, with other distributional records

from northern Departamento de Loreto. Gerfaut 73:185-192.

Chapman, F. M. 1926. Distribution of bird-life in Ecuador. Bull. Amer. Mus. Nat. Hist.

55:616-1401.

Felsenstein, j. 1985. Confidence limits on phylogenies: an approach using the bootstrap.

Evolution 39:783-791.



112 THE WILSON BULLETIN • Vol. 105, No. 1, March 1993

Freeman, S. and W. M. Jackson. 1990. Univariate metrics are not adequate to measure

avian body size. Auk 107:69-74.

Harris, H. and D. A. Hopkinson. 1976. Handbook of enzyme electrophoresis in human
genetics. North-Holland Publ. Co., Amsterdam, Netherlands.

Hellack, J. J. 1976. Phenetic variation in the avian subfamily Cardinalinae. Occ. Pap.

Mus. Nat. Hist., Univ. Kansas 57:1-22.

AND G. D. ScHNELL. 1977. Phcnctic analysis of the subfamily Cardinalinae using

external and skeletal characteristics. Wilson Bull. 89:130-148.

Hellmayr, C. E. 1938. Catalogue of birds of the Americas. Field Mus. of Nat. Hist. Publ.

ZooL, Series 13, Part II.

Johnson, N. K., R. M. Zink, G. F. Barrowclough, and J. A. Marten. 1984. Suggested

techniques for modern avian systematics. Wilson Bull. 96:543-560.

Morony, j. j., W. j. Bock, and J. Farrand. 1975. Reference list of the birds of the

world. Dept. Omith., American Mus. Nat. Hist.

Nei, M. 1978. Estimation of avciage heterozygosity and genetic distance from a small

number of individuals. Genetics 89:583-590.

Paynter, R. a. 1970. Subfamily Cardinalinae. Pp. 216-245 in Checklist of birds of the

world. Vol. 13 (R. A. Paynter and R. W. Storer, eds.). Mus. Comp. Zook, Hefferman

Press, Worcester, Massachusetts.

Reist, j. D. 1986. An empirical evaluation of coefficients used in residual and allometric

adjustment of size covariation. Can. J. Zook 64:1363-1368.

Remsen, j. V. Jr. and R. S. Ridgely. 1980. Additions to the avifauna of Bolivia. Condor
82:69-75.

AND M. A. Traylor Jr. 1989. An annotated list of the birds of Bolivia. Buteo

Books. Vermillion, South Dakota.

Ridgely, R. S. and G. Tudor. 1989. The birds of South America. Vol. 1. Univ. Texas

Press, Austin, Texas.

Robins, J. D. and G. D. Schnell. 1971. Skeletal analysis ofthe Ammodramus-Ammospiza
grassland sparrow complex: a numerical taxonomic study. Auk 88:567-590.

Rogers, J. S. 1972. Measures ofgenetic similarity and genetic distance. Studies in Genetics,

VII. Univ. of Texas Publ. 7213:145-153.

Rohlf, F. j., j. Kispaugh, and D. Kirk. 1974. Numerical taxonomy system ofmultivariate

statistical programs (NTSYS). State Univ. New York, Stony Brook.

SAS Institute. 1985. SAS user’s guide: statistics. Statistical analysis system. SAS Inc.,

Raleigh, North Carolina.

ScHULENBERG, T. S. AND J. V. Remsen, Jr. 1982. Eleven bird species new to Bolivia. Bulk

Brit. Omith. Club 1982:102.

, S. E. Allen, D. F. Stotz, and D. A. Wiedenfeld. 1984. Distributional records

from the Crodillera Yanachaga, Central Peru. Gerfaut 74:57-70.

Selander, R. K., M. H. Smith, S. Y. Yang, W. E. Johnson, and W. B. Gentry. 1971.

Biochemical polymorphism and systematics in the genus Peromyscus. 1. Variation in

the old-field mouse {Peromyscus polionotus). Univ. Texas Publ., Studies in Genetics

VI, 7103:49-90.

Sibley, C. G. and L. L. Short. 1959. Hybridization in the buntings (Passerina) of the

Great Plains. Auk 76:443-463.

AND B. L. Monroe, Jr. 1990. Phylogeny and classification of birds. Yale Univ.

Press, New Haven, Connecticut.

SwoFFORD, D. L. 1989. PAUP: phylogenetic analysis using parsimony. User’s Manual.

Ilk Nat. Hist. Surv., Champaign, Illinois.



Tamplin et al. • BIOCHEMICAL RELATIONSHIPS OF CARDINALINAE 1 1 3

AND S. H. Berlocher. 1 987. Inferring evolutionary trees from gene frequency data

under the principle of maximum parsimony. Syst. Zool. 36:293-325.

AND R. B. Selander. 1981. BlOSYS-1: a fortran program for the comprehensive

analysis of electrophoretic data in population genetics and systematics. J. Hered. 72:

281-283.

Wallace, A. 1984. Mechanisms of morphological evolution. John Wiley and Sons, New
York, New York.

West, D. A. 1962. Hybridization in grosbeaks {Pheucticus) of the Great Plains. Auk 79:

399-424.

WiEDENFELD, D. A. 1978. Eco-morphology of the New World flycatchers with analysis of

correlations among skeletal elements. M. S. thesis, Louisiana State Univ., Baton Rouge,

Louisiana.

Wiley, E. O. 1981. Phylogenetics. John Wiley and Sons, New York, New York.

Zink, R. M. 1983. Evolutionary and systematic significance of temporal variation in the

Fox Sparrow. Syst. Zool. 32:223-238.

LESLIE BROWN MEMORIAL GRANT

In memory of one of the most inspired and productive raptor biologists of recent decades,

the Raptor Research Foundation announces the availability of this grant, for up to $1000,

to provide financial assistance to promote the research and/or the dissemination of infor-

mation on birds of prey.

Applicants must send a resume, specific study objectives, an account of how funds will

be spent, and a statement indicating how the proposed work would relate to other work by

the applicant and to other sources of funds. Proposals concerning African raptors will receive

highest priority among proposals of otherwise equal merit.

A complete application must be received by September 15, 1993. Proposals, donations,

and inquiries about tax-exempt contributions to the fund should be sent to:

Dr. Jeff Lincer, Chairman

RRF Leslie Brown Memorial Fund

% BioSystems Analysis, Inc.

13220 Evening Creek Drive South

Suite 1 19

San Diego, California 92128



Wilson Bull, 105(1), 1993, pp. 114-141

AVIFAUNA OF A CHACO LOCALITY IN BOLIVIA

Andrew W. Kratter,^’^ T. Scott Sillett,*’^ R. Terry Chesser,*’^

John P. O’Neill,^ Theodore A. Parker III,*’^

AND Abel Castillo"*

Abstract.—The avifauna of a locality in the Chaco region of Bolivia was studied during

expeditions in 1990. Six species were found for the first time in Bolivia: Black-hooded

Parakeet (Nandayus nenday), Rufous-legged Owl (Strix rufipes), Scimitar-billed Woodcreep-

er {Drymornis bridgesii), Chaco EarihcTeeper (Upucerthia certhioides). Little Thombird {Pha-

cellodomus sibilatrix), and Stripe-capped Sparrow (Aimophila strigiceps). Another species.

Crowned Eagle (Harpyhaliaetus coronatus), previously was known for Bolivia only by a

specimen from an uncertain locality. A number of species not known to breed in the Chaco

were found, including some presumed austral migrants. The community composition of the

Chaco avifauna varies dramatically among sites, reflecting gradients in moisture and veg-

etation structure. Received 15 March 1992, accepted 5 Oct. 1992.

The Chaco is an extensive area of dry scrub and deciduous woodland
in south-central South America. Centered in western Paraguay and north-

western Argentina, it extends north to southern Bolivia (dptos. Santa Cruz

and Tarija), where it meets more humid forests. The Chaco avifauna has

been summarized by Short (1975), but there are only a few (e.g., Capurro

and Bucher 1988) single-site descriptions, such as those now available for

several Andean and Amazonian forest localities. The avifauna of the

Bolivian Chaco, especially the less dense, sandy-soil-based scrub char-

acteristic of extreme southern Departamento de Santa Cruz, Bolivia, is

largely undescribed.

The Chaco avifauna is composed of a distinct assemblage of species

(Cracraft 1985) but has low endemism (Short 1975), because most species

extend beyond the Chaco. Short (1975) described the species’ limits,

geographic variation, and biogeography of the Chaco avifauna, but few

data are available on the habitat preferences, foraging ecology, or nesting

biology for many Chaco species. Little information is available on seasonal

use of the Chaco by migrants and winter visitors.

STUDY AREA

The study site, Estancia Perforacion, was in southern Provincia de Cordillera, Departa-

mento de Santa Cruz, Bolivia (ca 19°45'S, 62°00'W), approximately 130 km east of the

provincial capital of Charagua. The Estancia, about 80 km east of the Andean foothills, was

flat to slightly rolling. The soil was sandy with little organic matter. The nearest major water

' Museum of Natural Science, Louisiana State Univ., Baton Rouge, Louisiana 70803.

2 Dept, of Zoology and Physiology, Louisiana State Univ., Baton Rouge, Louisiana 70803.

Conservation International, 1015 18th St. N.W., Washington, D.C. 20036

Fundacion Amigos de la Naturaleza, Av. Irala 421, P.O. Box 2241, Santa Cruz, Bolivia.
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course, the Rio Parapeti, flows northeast about 40 km northwest of the Estancia. The
vegetation at Estancia Perforacion corresponded to Short’s (1975) Dry Algorrobo Woodland,
although the dominant vegetation was lower and more open than that described by Short.

Most cover consisted of 1-2-m-tall shrubs, interspersed with small (2-7 m) trees (Aspidosper-

ma quehrachopalohlanco, Chorisia sp., Prosopis sp.) and columnar cacti {Trichocereus sp.)

4-8 m tall. The area south and northeast of the ranch buildings was the most open, with

decreased cover and often with small (10 x 10 m) patches of bare sandy ground. Grasses

were present only under dense scrub (perhaps as a result of grazing by cattle; see below).

North and west of the ranch buildings, the cover was more extensive, often with extensive

stands of palo verde (Cercidium sp.) and mesquite {Prosopis sp.). An area about 1 km west

of the main site had not been grazed since the June rainfall, although old cattle trails were

numerous. The ungrazed area, studied extensively 16-20 September, was similar to the

more open scrub areas, except that dry, herbaceous grasses filled the open areas. Vegetation

throughout tended to be clumped, with impenetrable thickets of terrestrial bromeliads {Dyc-

kia sp.) under patches of tall trees and shrubs. One tree species (Bombacaceae: Chorisia

insignisl) began leafing out about 10 September and was fully leafed by the 20th. Epiphytic

bromeliads {Tillandsia sp.) were common on the larger trees, especially in species of Bom-
bacaceae; in September the epiphytes were desiccated and drooped from the branches.

Mistletoe, fruiting in June, was fairly common on the larger shrubs and trees. In September,

flowering was restricted to palo verde, a few species of shrubs, and a common vine.

Large areas of the Chaco have been modified by human activity. The most prevalent

disturbances have been cattle grazing, woodcutting, and fire suppression (Bucher and Nores

1988). These disturbances have resulted in a more xeromorphic, wooded aspect, with a

decrease in the grassy areas that were interspersed among the patches ofwoodland and scrub

(Short 1975, Bucher and Nores 1988).

Grazing has changed the vegetation at the Estancia. Before grazing, open grassy areas were

most likely more common, occurring on the sites with poorer, more sandy soil that are now
extensively covered with terrestrial bromeliads and other scrubby vegetation. The entire

Estancia is presently subject to grazing, and cattle trails formed a network throughout the

scrub. The most heavily grazed areas were closest to the ranch buildings, where there were

a number of open, sandy corrals and large bare areas (approximately 20 ha).

Other human disturbances include a dirt runway for small aircraft, approximately 1 km
long by 75 m wide. A number of jeep tracks also crossed the property. Two large cement

tanks were kept full of water drawn from a well near the ranch buildings. Woodcutting

appears to be limited currently to areas near (< 1 km) the ranch, although some larger trees

were removed during our stay. One species of tree {Aspidosperma quehrachopalohlanco) has

been removed from large areas of the region. The ranch operators hunted daily, mainly for

javelina {Catagonus and Tayassu spp.), gray brocket deer {Mazama gouazouhira), and

armadillos {Priodontes maximus, Dasypus spp.). The ranch operators did not hunt for birds

even though Chaco Chachalaca (Ortalis canicollis), the largest gamebird in the region, was

plentiful.

METHODS

In 1990, personnel of the Louisiana State Univ. Museum of Natural Science (LSUMNS)

and the Museo de Historia Natural “Noel KempffMercado” (MHNNKM), Univ. Autonomo

“Gabriel Rene Moreno,” Santa Cruz, Bolivia, conducted an inventory of the Chaco avifauna

at Estancia Perforacion. A preliminary reconnaissance was conducted by Parker, Abel Cas-

tillo (AC), and Hermes Justiniano (HJ) from 1 6 to 1 8 J une. A follow-up expedition, consisting

of O’Neill, Chesser, Kratter, Sillett, Castillo, and Maria Dolores Carreno, visited the same

locality from 5 to 20 September.
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Temperatures in June were fairly cool and coincided with the end of a period of unusually

high rainfall for the region. Grasses and other herbaceous vegetation covered much of the

open spaces between shrubs. Most shrubs and trees had luxuriant foliage. Weather in Sep-

tember was much warmer and drier (average high: 3 1°C, range: 1 9-38°C; average low: 1 9°C,

range: 8-26°C; no rain recorded). The prevailing, often strong winds were from the north;

however, on 1 2 and 1 8 September, winds switched to the south, and temperatures dropped

sharply. These south winds O'"surazos") generally lasted for 24 h and were followed by a

day or two of relatively calm weather conditions. In September, the vegetation was much
drier with few leaves present on the dominant trees and shrubs.

The following species accounts include six species new for Bolivia and one species pre-

viously known from Bolivia only by a specimen from an uncertain locality (Remsen and

Traylor 1989). Also included are accounts of those species not known to breed in the Chaco

(see above), some notes on migratory movements, and natural history accounts of some

poorly known species. A full list of species recorded is given in Appendix I, along with

relative abundances and the breeding condition, fat content, and weights of collected spec-

imens.

All specimens are housed at the LSUMNS and the MHNNKM. In addition, over 3 h of

tape-recorded calls and songs are housed at the Library of Natural Sounds (LNS), Cornell

Laboratory of Ornithology. Where noted, stomachs of the species below were examined

under a dissecting microscope. Prey items were identified to order or family, when possible,

and are listed in order of decreasing abundance in the stomachs. All stomach specimens are

housed at the LSUMNS.

SPECIES ACCOUNTS

Andean Condor {Vultur gryphus).— This usually montane species was
noted on one occasion, when five (4 ad., 1 imm.) were observed by AWK
flying north on 10 September into strong north winds. Although this

species is not known to breed in the Chaco (Short 1975), local residents

reported that condors occurred in the area but were rare. Although only

100 km from the Andean foothills, this record indicates that condors at

least occasionally descend into the Bolivian Chaco. The only other low-

land record for Bolivia was outside the Chaco, in the Andean foothills of

extreme northwest Dpto. Santa Cruz (Remsen et al. 1985).

Crowned Eagle {Harpyhaliaetus coronatus).—An adult was observed

by TAP, AC and HJ in June. The only previous Bolivian record has no
specific locality (Remsen and Traylor 1989). Short (1975) considered this

species a woodland and forest or edge species; this record indicates that

it may occasionally occur in scrub habitats far from woodlands.

Spot-winged Falconet {Spiziapteryx circumcinctus).— This poorly known
species was reported only recently from Bolivia, also in the Perforacion

area (Cabot et al. 1988). We observed scattered individuals nearly every

day, flying low over the scrub in more open areas. Spot-winged Falconets

have been reported to prey primarily on birds (Brown and Amadon 1968,

Grossman and Hamlet 1964) or on insects and lizards (Pereya 1937). At
Perforacion, stomachs (N = 4) contained birds (including a Rufous Hor-
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nero Furnarius rufus), large orthopterans, unidentified lizards, and beetles.

In June, one individual was observed eating a female Barred Antshrike

{Thamnophilus doliatus (TAP, AC, photos by HJ).

Black-hooded Parakeet {Nandayiis nenday).— One group of six, seen

and tape recorded (by TAP; to LNS) in June flying over the scrub, rep-

resents the first definite record of this species in Bolivia. This species was

also observed and tape recorded in September flying high over the scrub

in flocks of 5 and 7 birds. One previous record from Bolivia lacks doc-

umentation and may be from outside the country (Remsen and Traylor

1989). Short (1975) stated that this species frequents wooded pantanal

but ranges into the drier Chaco during nonbreeding seasons. The nearest

areas of pantanal are at least 300 km east of the site, suggesting that this

species may occasionally make long-range movements into the dry Chaco.

Hoy’s Screech-Owl (Otus hoyi).— This new form was previously known
only from montane areas (1300-2600 m) in Argentina and Bolivia (Konig

and Straneck 1989). Otus hoyi was recently described by Konig and Stra-

neck (1989), and is considered (Marshall et al. 1991) closely related to

Variable Screech-Owl {O. atricapillus). This species was heard by TAP
in Chaco woodland at Isla Verde, ca 75 km northeast of Estancia Per-

foracion. This is the first record for the Bolivian Chaco.

Rufous-legged Owl {Strix rufipes).— This species was formerly known
north only into the central Paraguayan Chaco, 320 km south of Perfor-

acion (Steinbacher 1968); our records are the northernmost of the species

and the first for Bolivia. We found two counter-singing 30 min before

dawn on 17 June, and another was seen south of the ranch on 18 June.

In September, a male and female, presumably a pair, were collected on

consecutive evenings as they perched on fence posts along the dirt road

just west of the ranch houses. Another individual was flushed from a thick

clump of scrub by RTC on 1 5 September. Foraging and breeding behavior

are known poorly (Mikkola 1973). Two stomachs of Perforacibn speci-

mens contained scorpions, beetles, large spiders, centipedes, and a blind

snake {Leptotyphlops sp.).

Checkered Woodpecker {Picoides mixtus).— "Wary individuals and pairs

of this poorly known species were observed in both open and denser

scrub, often with mixed emberizid and furnariid flocks. They appeared

to be most common in the ungrazed Chaco west of the ranch. The birds

frequently gave short, rattled whinnies typical of the genus, and occa-

sionally short, weak drumming was heard (tape recorded). Wetmore (1926)

and Short (1982) described the general foraging behavior; here we include

new information on foraging behavior and diet. Checkered Woodpeckers

used a variety of substrates while foraging; they were observed from 0.2-

6 m up in shrubs, columnar cacti, and branches and trunks of a variety
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of trees. Five stomachs contained small beetle larvae (3-5 mm long) and

other arthropod parts.

Scimitar-billed Woodcreeper {Drymornis bridgesii).—Although Short

(1975) and Meyer de Schauensee (1982) listed this species as occurring

in Bolivia, Remsen and Traylor (1989) found no specimens or documen-
tation to support this record. The species was previously known north to

western Paraguay, 320 km south of Perforacion (Steinbacher 1968). A
pair was observed in open scrub with scattered trees south of the ranch

in June (TAP). A male was collected by AC in the same area on 9 Sep-

tember. The same day a single individual was flushed from the ground

by RTC in the same area. The bird flew to a columnar cactus, where it

pecked briefly and then flew to an area of clumped trees, where it was

observed foraging on the trunk and main branches of a tree. In June a

pair was observed perching horizontally on branches and cacti, probing

Tillandsia bromeliads in trees, searching holes in dead branches, and

probing in the sand. They were also observed searching the bases of

terrestrial bromeliads and hopping on the ground. The single stomach

contained large spiders, ant-lion larvae (Neuroptera: Myrmeleontidae),

and centipedes. The extremely long bill (exposed culmen = 62.2 mm in

our specimen) probably enables this species to prey on burrowing ar-

thropods, such as ant-lion larvae, and to probe deeply into bromeliads

and holes in trees and cacti.

Chaco Earthcreeper {Upucerthia certhioides).— This species was fairly

common in dense stands of scrub with a thick terrestrial bromeliad layer

below the scrub. The earthcreeper was most often detected by its song, a

measured series of squeaky monotonic notes that increased in intensity

(tape recordings to LNS). Birds usually sang from 2 to 4 m up in the dense

central portion of small trees and larger shrubs. They foraged inconspic-

uously on or near the ground in terrestrial bromeliads. Stomachs (N = 8)

contained beetles, orthopterans, and dipterans. These are the first definite

records for Bolivia. Short (1975) listed a record from the Dpto. Tarija in

Bolivia, on the basis of a sight record by Olrog (L. L. Short, in litt.),

considered hypothetical by Remsen and Traylor (1989). The nearest rec-

ords are from western Paraguay, 300 km south ofPerforacidn (Steinbacher

1968). Vaurie (1980) considered the Chaco and Bolivian {U. harterti)

earthcreepers conspecific, although all other authors have treated them

as distinct species (e.g., Peters 1951, Short 1975, Sibley and Monroe 1 990).

U. harterti has been collected as close as 200 km west of the Estancia, in

the foothills of the Andes. Like U. certhioides, U. harterti prefers thickets

with terrestrial bromeliad undergrowth in xeromorphic scrub; however,

it is restricted to steep rocky slopes above 1500 m (Remsen et al. 1988).

A number of distinct morphological characters separate certhioides from
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harterti. a series of nine harterti (8 skins, one skeleton) collected 275 km
northwest of the Estancia in Prov. Caballero, Dpto. Santa Cruz (Remsen
et al. 1988) was compared to 1 1 certhioidcs (8 skins, 3 skeletons) collected

at Perforacion; these are among the nearest populations of the two species.

Males and females within species were pooled because mensural and
plumage characters did not differ significantly. The major characters sep-

arating these two species are {harterti character followed by certhioides

character in parentheses): distinct buff supercilium extending from bill

over eye to end of auricular, bordered laterally by dark brown (weak

rufous supercilium extending from eye to end of auricular, diffusing into

crown); lore chocolate brown (lores chestnut); forehead and crown brown,

the bases of forehead feathers dark brown and edged brown (no chestnut

was evident in the crown feather bases as mentioned by Vaurie 1980)

(forehead chestnut diffusing into brown nape); chest grayish buff diffusing

to brown belly (chest and belly a uniform brown); inner web of rectrix

#4 brown, outer web rufous (entire rectrix pale rufous). Body shape is

also different: certhioides has a significantly shorter bill (21.34 ± 1.09

mm compared to 22.57 ± 0.76 mm for harterti', t
= 2.507, P = 0.026)

but significantly longer wings (69.54 ± 1.12 mm compared to 64.67 ±
0.82 mm for harterti', t = 9.988, P < 0.00 1); tail lengths do not significantly

differ {t = 0.21 ,
P = 0.979). Vaurie (1980, p. 26) stated that the characters

separating the two taxa “do not differ by any character which seems to

be of species importance in Upucerthia, and all the differences which

distinguish them are relative and a matter of degree.” What constitutes

“important characters” is disputable; however, these plumage and mor-

phological differences are certainly at least as distinct as the characters

separating two other earthcreeper species {U. albigula and U. jelskii) that

occur sympatrically (Schulenberg 1987). The songs (from tape recordings

by TAP and AWK) of harterti and certhioides are similar, but harterti

has, on average, more notes (7+) than certhioides (5-6 notes). The mea-

surements of our specimens are consistent with U. c. estebani (Wetmore

and Peters 1 949); this is the expected subspecies based on range, because

estebani has been recorded into the Chaco of Paraguay.

Short-billed Canastero {Asthenes baeri).— This species was discovered

only recently in Dpto. Santa Cruz, in the Perforacion area (Cabot 1990).

We found these canasteros to be fairly common in more open scrub,

where they gleaned from twigs and slender branches of low shrubs on the

ground and in lower branches, but occasionally 4 m up in small trees.

Stomachs (N = 9) contained primarily ants, with some orthopterans,

dipterans, beetles, and dermapterans. This species often travelled with

mixed emberizid and furnariid flocks. It was often observed hopping

(running?) on the open ground with its tail cocked up. The frequently
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given song was a few “springy” notes accelerating into a long-rapid, dry

trill. The Pilcomayo and Bermejo Rivers ofextreme southern Bolivia and

central Paraguay apparently separate the nominate subspecies, south of

the Bermejo, from A. b. chacoensis, north of the Pilcomayo (Nores 1992).

A. b. chacoensis is represented at Perforacion, which is north of the Pil-

comayo, although prior Bolivian records (from Dpto. Tarija) are the nom-
inate subspecies. Nores (1992) stated that extensive gallery forests in the

Bermejo and Pilcomayo watersheds have also been historically important

in separating subspecies of Red-billed Scythebill {Campylorhamphus tro-

chilirostris), Variable Antshrike {Thamnophilus caerulescens), and Crest-

ed Gallito {Rhinocrypta lanceolatd) and the allospecies Little/Plain Thorn-

birds and Brown/Rufous {P. lophotes/P. cristata) cacholotes. For the three

taxa with subspecies separated by this area, the subspecies at Perforacion

is the expected subspecies north of the river, but for two allospecies pairs,

the more southern species is found.

Little Thombird {Phacellodomus sibilatrix).—Th\s species, previously

unrecorded from Bolivia, was most common south of the ranch (in June)

and in the ungrazed scrub west ofthe Estancia (in September). Individuals,

pairs, or small groups kept low in bushes and small trees or foraged on

the ground. Stomachs (N = 4) contained beetles, spiders, orthopterans,

and ants. This monotypic species was previously known from the southern

Chaco north to southwestern Paraguay (Short 1975). Short (1975) and

Nores (1992) considered the Plain and Little Thombirds to form a su-

perspecies that narrowly overlap in central Paraguay. These records greatly

increase this zone of overlap, making superspecies status less likely.

Lark-like Brushrunner {Coryphistera alaudina).—ThQ behavior of this

species at Perforacion was similar to that observed by others (e.g.. Wet-

more 1926, Friedmann 1927), but we report here on interesting roosting

behavior, its migratory status, and its diet. As its English name suggests,

this species is remarkably similar in plumage and habits to larks (Alau-

didae). Brushrunners kept mainly to the most open areas of the scrub,

running or walking on the ground in small loose flocks of 3-20 birds,

often with Picui Ground-Doves {Columbina picui). A group of nine was

observed entering the nest of a Brown Cacholote just before dusk in June.

The group perched in a tree near the nest and withstood numerous at-

tempts by the cacholote to drive them away. They entered the nest after

the male cacholote departed to roost in another nest. This species may,

on occasion, breed in cacholote nests. Stomachs (N = 9) contained almost

entirely ants, including both larvae and newly emerged (white) individ-

uals, a few spiders, and beetles. This species is not known to nest in

Bolivia (Short 1975) and may migrate northward after breeding (Capurro

and Bucher 1986). Birds at the Estancia, however, did not show signs of
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being migrants, such as marked variation in numbers or deposits of sub-

cutaneous fat. The published egg dates from Argentina are from late

September through mid-November (de la Pena 1 987), suggesting that this

species should be migrating during August and September,

Brown Cacholote {Pseudoseisura lophotes).— This species has remark-

ably diverse foraging habits and is reminiscent ofjays (Corvidae) in habits

and appearance (see summary in Vaurie 1980); here we include infor-

mation on foraging, display behavior, and diet. The noisy and conspicuous

cacholotes were usually observed in groups of three or four, sometimes
with mixed-species flocks. They were found in all areas, although less

commonly in the thickest scrub. They were occasionally seen walking and
foraging on the ground, but were more often seen in the denser central

portions of trees, especially Prosopis. Foraging maneuvers included wood-
pecker-like hammering on the ground and in trees, and gleaning insects

drawn to mammal hides drying at the ranch houses. They frequently

participated in loud, raucous duets (Wetmore 1926) and displayed from

the tops of trees, opening their wings and fanning their tails. Their large

distinctive nests (see Wetmore 1926) were active in June. Pairs actively

defended territories that seemed to be 2-3 ha in size. Stomachs (N = 8)

contained beetles, fruits (5-7 mm), insect larvae, and large ants.

Giant Antshrike {Batara cinerea).— This poorly known species was pre-

viously unrecorded from the Bolivian Chaco. Wary individuals or pairs

generally kept below one meter in dense, low thickets of terrestrial bro-

meliads and tangled branches of bushes. Stomachs (N = 3) contained

large orthopterans (Acrididae) and large ants; a nearly whole lizard (Tro-

pidurus hispidus) at least 4 cm long was in the stomach of one specimen.

This locality is between the main ranges of subspecies represented in the

humid montane valleys of western Dpto. Santa Cruz {B. c. excubitor) and

the more likely Chaco subspecies {B. c. argentina) of Argentina and Dpto.

Tarija, Bolivia. Bill size and tail barring suggest argentina-, however, the

crest of the female has less black than excubitor, and much less than

argentina (M. L. Isler and P. R. Isler, pers. comm.). The only record from

Paraguay is considered argentina (Steinbacher 1962), as is a female from

northern Argentina, just east of extreme southern Dpto. Tarija in Bolivia

(Camperi 1988).

Crested Gallito {Rhinocrypta lanceolata).— TqXqvs {\922>) and Wetmore

( 1 926) described the behavior of this species in Argentina; here we present

information on calls, foraging behavior, and diet. At Perforacion, gallitos

were wary and difficult to see, but were heard during all daylight hours.

Two common calls were recorded: a ventriloquial, hollow, double note

whistle, and two to four harsh “wraar-wraar” scolds (male and female,

respectively?). Birds usually called either from the ground or low perches
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in dense shrubs, but occasionally they called from as high as 4 m up in

bushes and dense trees. Vocal activity appeared to increase when flocks

of other species were nearby. Gallitos foraged by flicking sand with the

bill or by rapidly scratching the surface with their legs. Stomachs (N =

10) contained mostly fruits, with some ants, beetles, insect larvae, and

spiders.

White-crested Elaenia {Elaenia albiceps).—Mxho\xg\\ this species is usu-

ally montane in Bolivia (Traylor 1982), a female was collected by TSS
on 12 September in scrub adjacent to the water tanks. The plumage and

skin measurements of this specimen match those of the subspecies E. a.

chilensis, of which there are apparently both migratory and sedentary

populations (Traylor 1982). However, it lacks the elongated 10th primary

of the migratory form (Zimmer 1941), and the sedentary population is

evidently restricted to montane central Bolivia (Traylor 1982). Although

the sedentary form of E. a. chilensis hybridizes with the lowland Small-

billed Elaenia {E. parvirostris) along the eastern base ofthe Andes in Dpto.

Chuquisaca, Bolivia (Traylor 1982), our freshly molted specimen does

not appear to be intermediate in any characters. No hybrids were available

for comparison. The stomach contained dipterans, insect larvae, heter-

opterans, small fruits, and a tiny (2x2 mm) flower.

Greater Wagtail-Tyrant {Stigmatura budytoides),— NJQ report here on

the breeding status of this interesting tyrannid and include new natural

history notes. Short (1975) stated that northern records of S. b. inzonata

may refer to wintering birds, although Traylor (1979) included south-

eastern Bolivia in the breeding range. Although our records do not defin-

itively indicate that this species breeds in southern Bolivia, the pairs were

obviously territorial. In addition, they showed no migratory character-

istics in September (e.g., no heavy deposits of fat or marked variation in

numbers from day to day). This was the most frequently netted bird and

one of the most conspicuous species at the site. Duetting pairs were fre-

quently heard, and the birds were easily observed as they foraged in pairs

1-3 m up in the outer branches of shrubs and small trees, most frequently

in the more open scrub areas. The duet consisted of one bird giving a

rapid three note “chur chur chur” (the second note higher and third note

lower than the first) and the other giving a loud musical chatter. Family

groups of 3-4 birds were noted in June; pairs were observed in September.

They gleaned from and sallied to small leaves and twigs, often in the

company of the behaviorally similar (Wetmore 1926) Masked Gnatcatch-

er {Polioptila dumicola). Stomachs (N = 6) contained almost entirely ants,

apparently of the same species, with a few beetles.

Cinnamon-bellied Ground-Tyrant {Muscisaxicola capistrata).—The
single individual of this Andean species seen by RTC on 13 September

represents the first Dpto. Santa Cruz record and the only lowland record

for Bolivia. The bird was discovered on the second day of steady southerly
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winds following a surazo, on the wide dirt road west of the ranch and the

barren dirt airstrip adjacent to the road. The bird was roughly 18 cm in

length and had a grayish-brown back with an ashy-gray breast and throat.

The lower flanks and belly were light cinnamon and the face darkish,

especially around the eyes. The most distinctive field mark, however, was
a rufous crown patch, although this was only occasionally visible. The
bird fed by picking food from the ground; it alternately paused and walked
or ran along the ground. When searching, it stood rather upright, often

pumping its tail, and it frequently ascended heaps of cattle dung, presum-
ably for a better vantage point. When flushed, the bird flew low to the

ground, swiftly and in a roughly zig-zag pattern. The bird was extremely

wary, and attempts to collect it proved unsuccessful. This austral migrant

normally occurs in Bolivia in puna grassland above 3400 m (Remsen and
Traylor 1989).

Hudson’s Black-Tyrant {Knipolegus hudsoni).— StYeml males were seen

in June; two males and a female were collected in September. They gen-

erally perched low on outer branches of shrubs in rather open areas and

sallied to the ground to capture insects. Stomachs (N = 2) contained

beetles, orthopterans, isopterans (Termitidae), insect larvae, spiders, and

dipterans. On 19 September, TSS observed two female-plumaged (one

female collected) birds over a 15-min period performing a strange flight

behavior (the “popcorn display”) in an area of bumed-over desert scrub.

The birds flew from about a meter up in the dense, charred understory

to 10-1 5 m in the air. At the apex of the flight, they gave a faint call, and

then cocked their tails up and slowly fluttered to the ground. The intervals

between these flights varied from 30 sec to 5 min. The birds were silent

when in the understory. The species is known to breed only in Rio Negro

and La Pampa, Argentina (Traylor 1979). The birds we observed were

presumably winter residents.

Stripe-capped Sparrow (Aimophila strigiceps).—V^e report here on the

first record for Bolivia and the northernmost record ofthis species. Groups

of 2-8 birds were seen in open scrub, frequently with mixed emberizid

and furnariid flocks. Occasionally flushed from the ground, they were

more often seen perched 1-3 m up in dense shrubs and small trees near

openings in the scrub. They frequently gave sharp “peenk” calls; no singing

was heard during our visits. Stomachs (N = 10) contained fruits, seeds,

tiny orthopterans, and spiders. The subspecies represented is the nominate

A. s. strigiceps.

DISCUSSION

We recorded 1 10 species during the June and September expeditions

(Appendix I); 24 species were recorded only in September, and 7 were

recorded only in June. We recorded six species not mentioned by Short
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(1975) as breeding in the Chaco. These were Cattle Egret (Bubulcus ibis),

Andean Condor, Variable Screech-Owl, White-collared Swift {Strepto-

procne zonaris), Hudson’s Black-Tyrant, and Cinnamon-bellied Ground-
Tyrant. Two of these are presumed austral migrants (the black-tyrant and

ground-tyrant), and three are most likely wandering individuals that may
occasionally use Chaco habitats during the nonbreeding season (Cattle

Egret, Andean Condor, and White-collared Swift). The owl is presumably

a permanent resident.

Mixed-species flocks of emberizids and fumariids were conspicuous at

Perforacion. The most common species in these flocks were emberizid

finches, especially Red-crested Finches (Coryphospingus cucullatus: up to

25/flock) and Many-colored Chaco-Finches (Saltatricula multicolor, up

to 10/flock). Smaller numbers of Ultramarine Grosbeaks {Cyanocompsa
cyanea). Red-crested Cardinals (Paroaria coronata), and Stripe-capped

Sparrows were often with these flocks. Many fumariid species also oc-

curred with these flocks, especially Short-billed Canastero, Sooty-fronted

Spinetail {Synallaxis frontalis). Little and Plain Thombirds, and occa-

sionally Brown Cacholote. Unlike the finches, only singles or pairs of

fumariid species usually associated with flocks. Checkered Woodpeckers
also occurred in many flocks.

The open corrals and heavily grazed areas seemed to be important

habitat for some bird species, especially Picui Ground-Dove {Columbina

picui). Lark-like Brushmnner, and Cattle Tyrant {Machetornis rixosus).

Numerous species were drawn to the water tanks, most notably Picui

Ground-Dove, White-tipped Dove {Leptotila verreauxi), and Hooded Sis-

kin (Carduelis magellanica).

A few bird species were found only in the ungrazed area west of the

Estancia, including Brushland Tinamou (Nothoprocta cinerascens). Plain

Thombird, and Wedge-tailed Grass-Finch {Emberizoides herbicola); the

mixed emberizid and fumariid flocks (see above) were more common in

the ungrazed areas than in the grazed areas.

Composition of the avifauna varies among different Chaco habitats

(e.g., tall woodland vs desert scrub). At a Chaco woodland site (Proyecto

Abapo-Izozog: ca 19°05'S, 63°05'W) 150 km northwest of Estancia Per-

foracion, an LSUMNS expedition in 1984 recorded a much different

avifauna (J. V. Remsen, unpubl. data): 59 species present at Perforacion

(54% of the Perforacion avifauna) were absent at Proyecto Abapo-Izozog

(Appendix II). Short (1976) described a collection of birds taken in the

Paraguayan Chaco over a 14-year period in the vicinity of Lichtenau

(22°49'S, 59°39'W), approximately 400 km southeast of Estancia Perfora-

cion. Lichtenau is just east of what Short described as the driest Para-

guayan Chaco. Perforacion is geographically nearest to the dry Chaco of
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western Paraguay and therefore is probably more xeric than Lichlenau.

The composition of the Lichtenau avifauna also reflects more mesic af-

finities than does Perforacion: not only were more woodland species pres-

ent at Lichtenau (Appendix II), but water-dependent species were also

present (Appendix II). Although the avifauna described by Short did not

include some elements (e.g., many large raptors such as Turkey Vulture

[Cathartes aura] and Crested Caracara [Polyborus plancus]) that were most
likely present but not collected, the collection is large (723 specimens)

and probably represents most of the avifauna, especially the smaller spe-

cies. It is thus surprising that 31 species present at Perforacion (28% of

the avifauna) were absent from Lichtenau (Appendix II), including such

common or conspicuous species at Perforacion as Spot-winged Falconet,

Scissor-tailed Nightjar {Hydropsalis brasiliana), Sooty-fronted Spinetail,

and Crested Gallito.

Some turnover is evident even within the driest Chaco scrub at the

northwestern periphery of the Chaco. Capurro and Bucher (1988) de-

scribed the avifauna of a Chaco site in Dpto. Salta, Argentina (25°05'S,

64°10'W), 550 km SSE of Perforacion; like Perforacion, this site is at the

base of the Andes and has similar scrub vegetation. The avifauna, how-

ever, was quite different: 27 of the species present at Perforacion, or 25%
of the avifauna, were not recorded at the Argentine site (Appendix II).

Several of the species missing at the Argentina site were not only common
at Perforacion but widespread in Chaco habitats; these included White-

barred Piculet {Picumnus cirratus). Stripe-backed Antbird {Mynnorchilus

strigilatus), and Plush-crested Jay {Cyanocorax chrysops).

The avifaunal differences among these four sites indicate that there may
be a high turnover of species along gradients of moisture and vegetation

stature (i.e., desert scrub at Perforacion to woodland at Lichtenau or

Proyecto Abapo-Izozog) or even among microhabitats within xeric scrub

habitats (Perforacion to Salta, Argentina). Of the 218 total species (ex-

cluding water dependent species) combined from all four sites, only 14%
are shared among all four (Appendix II).
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STATUS AND POPULATION TRENDS OF HAWAII’S
NATIVE WATERBIRDS, 1977-1987

Andrew Engilis, Jr.‘ and Thane K. Pratt^

Abstract.— Status and population trends of Hawaii’s native waterbirds were examined

from 1977 through 1987. Waterbird population fluctuations were analyzed in relation to

rainfall and land use dynamics. Numbers of Hawaiian Duck (Koloa) {Anas wyvilliana) and

Hawaiian Common Moorhen {Gallinula chloropus sandvicensis) appeared stable over time;

however, surveys were limited. Increase in Black-crowned Night-Heron {Nycticorax nyctic-

orax) abundance appeared linked to expansion of aquaculture, particularly on Oahu, and

not to climatic events. Annual rainfall patterns help explain and predict population fluc-

tuations and anomalous distribution patterns involving Hawaiian American Coots {Fulica

americana alai), moorhens, and Hawaiian Black-necked Stilts {Himantopus mexicanus

knudseni). Coot, stilt, and moorhen populations fluctuated with climatic events, and intra-

island dispersal to ephemeral wetlands occurred. Stilts exhibited regular inter-island migra-

tory behavior, but coots dispersed in relation to major rainfall events. Seasonal fluctuation

recorded for coots by past observers is the result of survey techniques not accounting for

seasonal dispersal patterns. Received 10 Jan. 1992, accepted 28 Sept. 1992.

The Hawaiian Islands probably have lost, as a result ofhuman activity,

more species of birds than any other locality in the world. Extinctions

during the first 2000 years ofhuman habitation (Olson and James 1982a)

resulted in the loss of 50% of native avian species. Unfortunately this

process has accelerated during the past 200 years, and of the remaining

40 endemic species, 70% currently are endangered. Recognizing these

trends, resource managers and conservation organizations have attempted

to develop and implement essential habitat inventories and management
programs. Critical to the success of these programs is information con-

cerning species’ biology, population trends, and distribution.

Hawaii’s wetlands are diverse, ranging from salt water lagoons to fresh-

water marshes and montane bogs. These wetlands support a small fauna

of waterbirds, including five endemic forms, one indigenous form, two

recently colonized species, and several alien species. Several other wa-

terbird species once occurred but have become extinct due to the colo-

nization of Hawaii by humans (Olson and James 1982b). Although there

have been many publications treating occurrence records for migratory

and native waterbirds (Shallenberger 1977, Paton and Scott 1985, USFWS
1985, Pyleetal. 1988), only Griffin et al. (1989) and Engilis (1988) present

discussions of the distribution and status of Hawaii’s native waterbirds.

' Ducks Unlimited, Inc., Western Regional Office, 9823 Old Winery PI., Suite 16, Sacramento, California

95827.
^ U.S. Fish and Wildlife Service, Hawaii Research Group, P.O.B. 44, Hawaii National Park, Hawaii

96718.
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Shallenberger (1977) also documented species occurrence for individual

wetlands as known in the 1970s. An in-depth examination of population

trends and reasons for their fluctuations is needed for all of Hawaii’s

wetland birds. In this paper, we present a summary of the current status

and population trends for all endemic and indigenous waterbirds in the

main Hawaiian Islands, excluding the northwestern chain islands, from

1977-1987.

METHODS

Regular waterfowl surveys were initialed in Hawaii in the 1940s as part of a nationwide

attempt by federal and state wildlife agencies to count breeding migratory waterfowl in North

America. By the mid-1950s most of the major wetlands on Oahu, Maui, and Kauai were

counted annually. In the late 1960s, state biologists adapted the survey to monitor Hawaii’s

four resident waterbirds: the Hawaiian Duck (Koloa) {Anas wyvilliana), Hawaiian Common
Moorhen {Gallinula chloropus sandvicensis), Hawaiian American Coot (Fulica americana

alai), and Hawaiian Black-necked Stilt {Himantopus mexicanus knudseni) (AOU 1983).

This approach spawned two separate surveys involving coots and stilts. In the 1970s, Mo-
lokai and Niihau were added to the survey. Lanai and Kahoolawe were not counted due to

their small wetland acreage. By 1978, state biologists moved to a semi-annual survey format

to document some of the unique problems associated with Hawaii’s waterbirds, e.g., inter-

island movements, dispersal, and hybridization. In 1 985, the Hawaiian Waterbirds Recovery

Plan was finalized, and it called for continued monitoring ofwaterbird numbers and wetland

habitat in Hawaii. All of these developments resulted in the evolution of the waterfowl

count into a multifaceted waterbird survey and inventory.

In this paper, we analyze waterbird survey data from 1977 through 1987. Data from

previous years are fragmentary and were not used to examine statewide trends. In addition,

because of past inconsistency of survey data gathering, e.g., poor observer training, lack of

tide information, and poor documentation ofweather conditions, we chose to limit statistical

treatments to trend analysis only. The Hawaii Division of Forestry and Wildlife (DOFAW)
coordinated the above surveys in January and July of each year. All significant waterbird

habitat was censused by DOFAW personnel, U.S. Fish and Wildlife personnel, and other

experienced observers using binoculars and low-power telescopes. Mountain streams were

omitted from the survey. Ground surveys were conducted on Kauai, Oahu, Maui, Molokai,

and Hawaii. Niihau was surveyed from a fixed-wing aircraft flying approximately 200 feel

(65 m) elevation at a speed of 50 knots. Summer data were used to examine population

trends for Koloa. Using summer counts eliminated the problem associated with separating

Koloa from migratory ducks wintering in the islands.

American and Hawaiian Coots were distinguished for five winters ( 1 983-1987) by frontal

shield color and size. The Hawaiian Coot has a large, white frontal shield (nominate form)

or a large, red shield (color morph). American Coot {Fulica americana) has a small, red

shield. A shield was scored as large if it protruded above the crown of the head, a characteristic

not found in winter American Cools (Pratt 1987). Coots were not scored for frontal shield

size when seen at a distance or during aerial counts.

A separate Pittman-Robertson project was created to examine Hawaiian Stilt recruitment.

From 1981-1987, stilts were recorded by three age classes: adult, subadull and unknown

age. Ground surveys were conducted in September and October. Observers were trained to

separate subadults from adults using plumage and vocalization differences, as recommended

by Coleman (1981).
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Rainfall data were compared with bird counts to identify trends that might be associated

with climatic variation. Previous studies of Hawaiian waterbird populations failed to eval-

uate the effects of rainfall on waterbird populations in Hawaii. Annual rainfall totals of

1977-1986 were obtained for the Kanaha Watershed, from the Hawaii Dept, of Water and

Land (DOWALD). This station is significant because of its importance to state water managers

in predicting water use and precipitation patterns in Hawaii.

RESULTS

Engilis (1988) examined annual rainfall patterns from 1977 through

1986 using thirteen weather stations on Kauai, Oahu, Maui, and Hawaii

and found that weather patterns generally correlated among stations; 1980

and 1982 were especially wet years, and 1977 and 1983 were dry. We
noted a drop in rainfall from 1983 to 1985 which was the result of Southern

Oscillation weather patterns (El Nino) (Haraguchi and Matsunaga 1985).

During El Nino, winter precipitation in Hawaii is low. Southern Oscil-

lations affected Hawaiian weather in 1957, 1963, 1965, 1969, 1972-1973,

1975-1976, 1979, 1983-1985 (DOWALD, unpubl. data). Hurricane Iwa

was the most prominent weather event to affect the Hawaiian Islands in

over a decade. Hurricane Iwa made landfall on Kauai in November 1982,

causing considerable damage, and torrential rain resulted in flooding on

Kauai, Oahu, and other islands.

SPECIES ACCOUNTS

Black-crowned Night-Heron. showed a steady statewide in-

crease in populations of night-herons through 1985 (Fig. 1), but counts

dropped sharply in 1986. Nearly two-thirds of Oahu’s night-herons were

counted at Kahuku aquaculture ponds, and Oahu accounted for over half

the annual statewide night-heron total (Fig. 1). Night-herons were doc-

umented in a variety of habitats including lagoons, reefs, and lava benches

exposed during low tide. However, 90% of night-herons surveyed were

in permanent freshwater wetlands, lowland streams, and man-made wet-

lands.

Hawaiian Duck — Survey results show an increase in Koloa

counted in lowland wetlands (Fig. 2). Population trends of Koloa were

not linked to rainfall patterns. Koloa increased on Oahu, but hybridization

between feral Mallard {Anas platyryhnchos) and Koloa complicated counts.

Waterbird surveys also documented seasonal fluctuations in Koloa num-
bers, with winter counts averaging 36% higher than summer counts (En-

gilis 1988).

Hawaiian Common —Hawaiian Moorhens are secretive and

occur in densely vegetated wetlands, consequently, surveying moorhens

is difficult. Nonetheless, winter counts suggest a relatively stable popu-

lation that increased in 1978, 1982, and 1983 (Fig. 3). These peaks cor-
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Oahu

Fig. 1. Annual summer count totals of Black-crowned Night-Herons.

respond with increased rainfall during 1978 and 1982. A smaller peak in

1986 also corresponds with the return of normal weather patterns in that

year following an El Nino. Winter counts ranged from 109 to 334 birds,

summer counts 72 to 134 birds. Counts in Haleiwa lotus farms, Oahu,

averaged 48% of the state total.

Hawaiian American Coot. —Coot populations were related inversely to

rainfall (Fig. 4). Winter counts (x = 1447 birds, range = 422-2823) were

lower than summer counts (x = 1872 birds, range = 915-4466) (Fig. 5).

All islands reflected similar population fluctuations, indicating no annual,

corresponding shift ofnumbers between islands that might indicate regular

population movements. A corresponding shift of numbers in coots count-

ed between Niihau (692 birds) and Kauai (13 birds) occurred in summer
1982. Another population shift between Niihau (949 birds) and Kauai

(254 birds) was documented in winter 1986. Coot numbers increased

four-fold in 1983, but declined thereafter, stabilizing in 1985-1986 (Fig.

4). Molokai showed an increase in coot numbers following the 1982 wet

year; summer counts went from 37 birds ( 1 982) to 32
1 (1983) and finally

dropped back to 72 birds in 1987. Populations on Niihau and Molokai

varied dramatically during the 10-year period, sometimes eclipsing counts
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Fig. 3. Annual winter count totals of Hawaiian Moorhens.
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Fig. 4. Annual statewide summer count totals of Hawaiian Coots in relation to rainfall.

on Kauai and Maui. Coots are now regularly observed at the Lanai City

sewer ponds and the Manele flats on Lanai (R. Walker, pers. comm.).

Engilis (1988) calculated the five-year mean for ratios of coot frontal

shield color and determined that only 1-3% of coots surveyed had red

shields. Of those, less than 0.6% exhibited shields small enough to be

considered American Coot.

Hawaiian Black-necked — Hawaiian Stilt population fluctuations

appeared linked to climatic changes. When compared, stilt numbers were

inversely related to rainfall (Fig. 6). Stilt numbers increased 1 14% from

1982 to 1985, peaking at 1492 birds. Counts in 1986 showed the popu-

lation maintaining a level above 1200 birds. Stilt summer counts were

higher (Jc = 1144 birds, range = 695-1492) than winter counts {x = 934

birds, range = 523-1354). A corresponding shift in stilt population was

evident between Kauai and Niihau. Data do support a pattern consistent

with that expected for an annual winter movement of birds from Kauai

to Niihau (Fig. 7). Over the 10-year period, summer counts on Kauai

averaged 84% higher than winter counts. In 1982, an exceptionally wet

year, winter counts on Niihav were lower than summer counts (66 vs 109

birds, respectively). The 109 stilts recorded on Niihau represented the

highest total recorded for summer counts; the second highest summer
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Fig. 5. Annual winter and summer count totals for Hawaiian Coots on Kauai and Oahu
in relation to severe climatic events.

count was 46 birds in 1983 (Engilis 1988). Nineteen percent of stilts

counted in 1981 were fledged subadults. In 1982, recruitment jumped to

34.3%, but declined thereafter (33.5% in 1983, 22.5% in 1984, and 21.7%

in 1985).

DISCUSSION

Black-crowned Night-Heron.—TYvQVQ appears to be no correlation of

night-heron population trends with rainfall patterns. Instead, this species’

recent population increase appeared linked with expansion of the aqua-

culture industry, particularly in the Kahuku region of Oahu. Two hy-

potheses may explain these increases in Kahuku: (1) the aquaculture ponds

serve as concentrated food sources drawing night-herons from other lo-

calities to feed, and (2) concentrated food sources have enhanced breeding

success and survivability ofyoung, thus increasing the population ofnight-

herons. Night-herons have increased so dramatically that aquaculture

farmers, concerned about depredation of shrimp and fish, have, in the

past, successfully petitioned for their control. The sharp decline noted in

1985 coincides with the institution of a control program administered by
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Fig. 6. Annual statewide summer count totals of Hawaiian Stilts in relation to rainfall.

Fig. 7. Annual winter and summer count totals for Hawaiian Stilts on Kauai and Niihau
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Fig. 8. Distribution of Koloa and feral Mallards in Hawaii.

U.S. Dept, of Agriculture’s Animal Damage Control and the Hawaii Di-

vision of Forestry and Wildlife (Fig. 1). During a one-year period, nearly

300 night-herons were taken at Kahuku (R. Saito, pers. comm.). If night-

heron populations have increased, and control culled those individuals

dependent upon the farms, then this action may not be detrimental to

the Oahu population. If however, these farms act as magnets luring night-

herons away from other localities, then continued culling may seriously

impact Oahu’s night-heron population.

Hawaiian Duck — Historically, the Koloa was found on all main
islands except Lanai and Kahoolawe. The species was not extirpated on

Kauai and has been reintroduced on Oahu and Hawaii (Fig. 8). In the

early 1900s, the Koloa was heavily exploited as a game bird (Schwartz

and Schwartz 1953). However, habitat loss and predation by introduced

predators have been assumed to be the most significant causes of the

decline of this species (Swedberg 1967, Griffin et al. 1989). The Oahu
population was thought extirpated by the early 1960s (Shallenberger 1977).

The State of Hawaii initiated a captive breeding program and made its

first releases on Oahu in 1968. Subsequent releases continued until 1982

and were expanded to encompass the island of Hawaii. Five hundred

Koloa were released (350 on Oahu) during this period (DOFAW records).
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Altitudinal movements may help explain seasonal fluctuations revealed

by winter and summer surveys. Some Koloa may move to the lowlands

during early winter to exploit ephemeral wetlands and return to montane
breeding areas in early spring. Richardson and Bowles ( 1 964) found Koloa
nesting in montane streams during their summer survey. Their obser-

vation of a flightless adult suggested that at least part of the population

undergoes post-breeding molt prior to moving into the lowlands. Appar-
ently the entire Kauai population does not move to the lowlands in winter.

Forest bird surveys in mid-winter have regularly documented Koloa in

very remote regions of the Alakai Swamp (Engilis and Pratt, pers. obs.).

The dynamics of these altitudinal movements are not understood and

require further investigation.

Because of potential competition and interbreeding with native Koloa,

monitoring feral Mallards has become a paramount issue in Hawaii. Dur-

ing the 1930s and 1940s, Mallards were commercially farmed in the

Kahuku region of Oahu, and escapes to the wild occurred (P. Chang, pers.

comm.). Figure 8 shows the location of known nuclei of 35 or more
Mallards. The dispersal of Mallards from these nuclei has been well doc-

umented by state and federal biologists, particularly on Oahu, on the west

coast of Hawaii Island, and on Kauai (unpublished DOFAW records).

The state survey was modified in 1 989 to survey Mallards more accurately.

The Mallard also occurs in the state as an accidental migrant (Pyle 1988).

These birds usually associate with migratory Northern Pintail {Anas acuta)

and Northern Shoveler {A. clypeata) (pers. obs.).

Although wild Mallards are normally monogamous, multiple copula-

tion has been suggested as a secondary means for maximized breeding

success (Evarts and Williams 1987). It is now clear that domesticated

Mallards adopt multiple copulations as their primary reproductive strat-

egy (Kear 1990).This behavioral shift has implications for survival of

genetically pure populations of Koloa. As males become established in

the wild they successfully seek mates, including Koloa, resulting in in-

creased hybridization. This same phenomenon has been documented in

Mallard and American Black Duck {A. rubripes) populations (Heusmann

1974, Ankney et al. 1986) and Mallard and Australian Black Duck {A.

superciliosa) populations (Frith 1967). Because the Koloa is a morpho-

logically variable species and shares several character traits with Mallard

(Perkins 1903, Schwartz and Schwartz 1953, Swedburg 1967), Koloa x

Mallard hybrids in the wild may resemble either species and means other

than visual identification are needed to address the problem.

Recent genetic studies have shown that a high percentage of Oahu’s

Koloa are hybrids (Griffin and Browne 1990). However, their conclusion

that genetically pure Koloa persist only on Kauai is tenuous. The Koloa

population on Hawaii Island is derived from known pure genetic stock
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and thrives in remote montane stock ponds and river valleys (J. Giffin,

pers. comm.). They enjoy the same degree of isolation from feral Mallards

as do their counterparts on Kauai. Feral Mallards do occur on the island,

mostly in urban or hotel ponds where Koloa are absent. If Koloa numbers
increase and birds disperse to lowlands, hybridization may become a

problem. In the mean-time, state wildlife officials should identify sources

of Mallards on Hawaii and push for their eradication.

On Oahu, Koloa continue to frequent mountain streams where Mallards

are unlikely to occur (pers. obs.). Specimens taken on Oahu by Griffin

and Browne were specifically biased towards suspected Koloa x Mallard

hybrids. Therefore it was not surprising that they found a high incidence

of hybridization at James Campbell National Wildlife Refuge, at Kahuku.

Hybridization is a problem on Oahu and was probably compounded by

the state’s choice of release sites. The two Oahu sites chosen were Ka-

wainui Marsh and Waimea Falls State Park; both support substantial feral

Mallard populations. The first documented Mallard x Koloa mating was

at Waimea Falls State Park in 1977 (DOFAW, unpubl. data). Further

research is necessary to identify the degree of hybridization on Kauai,

Oahu, and Hawaii so that management actions can be taken.

State surveys may not accurately estimate Koloa numbers because many
individuals reside in unsurveyed mountain streams, dense emergent cov-

er, and montane bogs and ponds, particularly on Kauai and Hawaii.

Swedberg (1967) estimated the Koloa’s population on Kauai at 3000 birds.

Telfer (in Kato 1981) believes this estimate to be high and that the pop-

ulation is probably stable between 1500 to 2000 ducks. Based on these

figures, and results from the waterbird survey, we estimate the state pop-

ulation near 2500 birds (2000 on Kauai, 300 on Oahu, 200 on Hawaii).

Increase of the number of Koloa since the 1960s can be attributed to

the Hawaii Division of Forestry and Wildlife’s captive propagation and

release programs and to wetland habitat acquisition and management by

state and federal agencies. Eradication of feral Mallards and known Koloa
X Mallard hybrids, a ban on Mallard importation to Hawaii, acquisition

and development of additional wetlands, maintenance of existing wet-

lands, and continued monitoring of birds on Kauai, Oahu, and Hawaii

will be required to fulfill recovery goals outlined for Koloa in the Hawaiian

Waterbirds Recovery Plan. More detailed life history information should

be gathered to identify limiting factors that affect the species. In 1989,

DOFAW released a small number of Koloa on Maui that will probably

not establish a viable population, but establishing a captive-release pro-

gram on Maui and Molokai should be carefully considered.

Hawaiian Common Moorhen.—ThQ Hawaiian Moorhen is an endan-

gered subspecies endemic to the main Hawaiian Islands. Its current range
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is Kauai and Oahu, where it is fairly widespread and locally common.
DOFAW released six moorhen on Molokai in 1983; these birds and their

offspring may still survive. The last observation of a moorhen on Molokai
1985 (R. Pyle, pers. comm.).
The Common Moorhen is a secretive species, preferring freshwater

marshes and grassy wetlands and is not tolerant of brackish water (Hawaii

Audubon Society 1989). In 1983, Kahuku aquafarms changed shrimp

production from freshwater to saltwater species. The conversion of ponds

to saltwater resulted in a decline in moorhens observed there (R. Pyle

and D. Woodside, pers. comm.). The Hawaiian Moorhen has responded

well to man-made wetlands and lives in close association with humans.
Moorhen numbers appear stable on Kauai and Oahu, but the species’

dependency on agricultural wetlands makes its status precarious. The
highest concentrations in the state are documented at Paradise Pacifica,

Kauai, and Oahu lotus farms, both man-made wetlands. Nagata (1983)

compared moorhen densities at lotus farms on Oahu with those of a

natural wetland and found densities to be 17.2 birds/ha and 4.6 birds/

ha, respectively.

Differences in counts during winter and summer appear related to count

biases on lotus fields on Oahu. Indian lotus is grown as a food crop and

requires flooded fields or slow moving streams for cultivation (Neal 1 965).

Fields are harvested from October through December, and planting of

new lotus takes place in January. During this time, fields are bare, and

loose flocks of moorhen can be easily observed scurrying for cover or

feeding. Rapid foliage growth follows planting, and by mid-June umbrella-

like leaves reach an average height of 120 cm. During this time few

moorhens are observed. The 1982 statewide population peak was not

correlated to counts in lotus fields, indicating numbers increased in other

regions of Oahu and Kauai. Dispersal and an attenuated breeding season

caused by increased ephemeral wetlands during wet years may account

for the increase in birds. Nagata (1983) has shown that moorhens disperse

seasonally into ephemeral wetlands during spring. This seasonal dispersal

may also contribute to declines documented during summer surveys. The

very low total for 1978 is the result of the lotus fields not being surveyed

(Fig. 3).

The recovery of this species is dependent upon protecting and managing

wetland habitats, thus reducing the species’ dependence on aquacultural

habitats. Easements can be established on critical aquaculture projects

that provide habitat for moorhens. An ideal situation for easements exists

at the Haleiwa lotus fields on Oahu. One estimate placed the moorhen

state population at 750 birds (500 on Kauai and 250 on Oahu) (USFWS
1985). Based on the number of habitat areas missed during surveys, it
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would be reasonable to think this number too low. Due to their reclusive

nature, an accurate population estimate cannot be made from available

data. For a discussion of methodology required to census moorhens ac-

curately, see Chang (1990). In 1991, population estimates from James

Campbell NWR, alone, stand near 100 birds (P. Chang, pers. comm.).

Hawaiian American CooL — Several authors (Udvardy 1960; Shallen-

berger 1977; USFWS 1985; Pratt 1978, 1987; Griffin et al. 1989) have

commented on the perplexing population fluctuations ofHawaiian Coots.

Various reasons for these fluctuations have been suggested, but two main

hypotheses prevail: (1) the influx of mainland American Coots during the

winter (USFWS 1985), and (2) the inter-island movements of Hawaiian

Coots (Udvardy 1960, Pratt 1987, Griffin et al. 1989).

A major flaw in past analyses of coot population fluctuations has been

the use offragmentary data from past waterbird surveys. The most reliable

information available on changes in Hawaiian Coot numbers is from 1977

through 1986 summer waterbird survey data when all islands were sur-

veyed.

Udvardy (1960) and Pratt (1987) independently concluded that Amer-
ican Coots constitute an insignificant portion of coots in Hawaii. The
very low percentages of small shielded coots observed from 1983 to 1987

confirm their conclusion. Thus, the recent data indicate that fluctuations

of coot populations in Hawaii are not the result of periodic eruptions of

American Coots to the islands.

In trying to attribute coot population fluctuations to inter-island move-
ment we examined trends for corresponding high and low counts between

islands. The data show that an increase in the state coot population is

usually reflected by increases on all islands. These patterns are not con-

sistent with those expected for inter-island movements. There are eruptive

movements of coots to Niihau, presumably from Kauai. But Shallenber-

ger’s (1977) statement that most of Kauai’s coots annually migrate to

Niihau to nest is not supported by available data. Eruptive events have

occurred twice during the period examined, in the summer of 1982 and

in the winter of 1986. These events can be correlated to intermittent

availability of wetlands on Niihau that resulted from unusually high rain-

fall.

The American Coot disperses during periods of greater habitat avail-

ability and attenuates its breeding season accordingly (Fredrickson et al.

1977, Sugden 1979, Weller and Spatcher 1965). This pattern is also ap-

parent for the Hawaiian Coot. Hawaiian Coots normally breed from March
through September (Berger 1981), although nesting year-round has been

reported (Shallenberger 1977, Byrd et al. 1985, Chang 1990). We suspect

that past reports of winter breeding probably came during high rainfall
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years. Wet winters occurred in 1988 and 1989 and Hawaiian Coots were

observed nesting by mid-December (USFWS and DOFAW records).

Based on available data, it appears that Hawaiian Coot population

fluctuations may be related to two other phenomena: intra-island dispersal

and breeding success. Seasonal flocking in mainland American Coots is

well documented (Fredrickson et al. 1977, Bartlet 1977), but differs from

that of Hawaiian Coot. American Coots congregate in winter and disperse

in late spring and summer to breed. In general, Hawaiian Coots disperse

in late winter and spring to breed, and congregate in summer for the non-

breeding period. This dispersal accounts for the lower numbers docu-

mented in winter censuses. Waterbird survey data indicate that coot pop-

ulations change relative to climatic events and that intra-island dispersal

and associated counting bias are the primary causes of the “perplexing

fluctuations” noted by past observers.

Although the waterbird survey was not designed to address breeding

success, there is evidence that increased nesting may have resulted in the

1983 population peak. Coot counts were low in 1982, presumably because

birds had dispersed. By summer 1982, small increases were seen on Maui
and Molokai, and coots erupted to Niihau. The following year, Hawaiian

weather was influenced by an El Nino, resulting in winter drought that

impacted seasonal wetlands. By winter 1983, the counts ofcoots increased

on Oahu, the result of an increasing number of adults and their progeny

forced to congregate on permanent wetlands. By summer 1983, even

major wetlands dried throughout the state, forcing coots to congregate

further, and all islands reported increases in coots. The sharp population

decline in 1983 may have been the result of mortality due to limited

wetland habitat. Coot populations stabilized as rainfall patterns returned

to normal in 1986.

The current statewide population ofHawaiian Coots probably fluctuates

between 2000 and 4000 birds, with Kauai, Oahu, and Maui supporting

80% of these birds (Engilis 1988). The number of coots in the state can

be increased with the increase of properly managed wetlands and control

of mammalian predators.

Hawaiian Black-necked — Data show that Hawaiian Stilt popu-

lation fluctuations may be related to rainfall patterns. The pattern of

correlation between rainfall and bird numbers was similar to that observed

for coots. Winter rains create suitable seasonal habitat (shallow pools and

flooded fields) that stilts are quick to locate and exploit. Winter surveys

generally report fewer stilts than summer surveys, possibly because of

dispersal. As seasonal habitat dries during summer, adults with progeny

stage on permanent ponds, leading to higher counts. Unpublished DO-
FAW life history studies, from 1977 to 1979, suggest that Hawaiian Stilts
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require specific conditions (water depths of 13 cm or less) for optimal

foraging, and they freely move to find such conditions. Studies of feeding

behavior suggest that stilts seek these temporary pools because much of

their prey items are concentrated, thus facilitating feeding by the adults

and young (Coleman 1981).

Correspondingly, annual count fluctuations between Kauai and Niihau

suggest that migration does occur (Fig. 7). Telfer (pers. comm.) suggests

that many stilts migrate to Niihau after onset of winter rains to exploit

the large ephemeral wetlands at the center of the island. After breeding,

they migrate back to Kauai in late summer, by which time much of

Niihau’ s wetland areas have dried. The only summer where a substantial

number of stilts remained on Niihau was in 1982, a heavy rainfall year.

The increase of stilt population documented for 1983 to 1985 was the

result ofincreased reproductive success. In the late 1970s, Coleman (198 1)

found the mean fledgling success rate on Oahu to be 23%. Fledgling success

rates as high as 34.3% were recorded during the population peak of 1983-

1985. The drop in numbers in 1986 was reflected by a decrease in fledg-

lings. The decrease was probably linked to a return to normal rainfall

patterns, resulting in decreased wetland habitat.

Because Hawaiian Stilts are restricted to open wetlands and are highly

visible, the annual statewide totals can be accepted as estimates of pop-

ulation size. Statewide populations probably fluctuate between 1 200 and

1600 birds, with Oahu, Kauai, and Maui supporting 92% of the birds.

Stilts are annually counted on Niihau, Molokai, and Hawaii. In 1989, a

pair was observed on Lanai at the new sewer treatment facility near Lanai

City (DOFAW, unpubl. obs.). Stilt populations on Oahu and Maui have

shown a steady increase since 1982. This increase can be attributed to

active management and creation of optimal nesting habitat by state and

federal agencies. Areas managed primarily for stilts include: Kanaha Pond
(Maui), Nuupia Ponds, Pearl Harbor NWR, and James Campbell NWR
(Oahu). The continued management of these core areas is crucial to the

existence of stilts in Hawaii.
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BEHAVIORAL DEVELOPMENT OF MALE AND
FEMALE RED-WINGED BLACKBIRDS

Kevin L. Teather'

Abstract. — When sexual size dimorphism occurs among nestlings, individuals of the

smaller sex are thought to develop locomotory skills and plumage more quickly than their

larger, opposite-sexed siblings. It follows that certain aspects of the behavioral development
of nestlings should be sex-specific. I tested the prediction that female Red-winged Blackbird

{Agelaius phoeniceus) nestlings develop behaviors associated with muscle development and

self-maintenance prior to males. Videotaped observations from 14 nests suggest that female

nestlings engaged in higher levels of preening, and possibly scratching and wing-flapping,

near the end of the nestling period than did males of the same age. There was little difference

in the frequency of stretching for either sex, although there was evidence that males engaged

in more leg stretching and females in more wing-leg stretching at certain ages. Received 17

March 1992, accepted 20 Aug. 1992.

Investigations of growth patterns of altricial nestlings have been largely

restricted to morphological (e.g., changes in mass and feather length) and

physiological (e.g., development of endothermy) characters. Behavioral

development, while mentioned sporadically in descriptive studies ofgrowth

and development, has figured much less prominently in ecological or

evolutionary studies. Part of the problem, no doubt, stems from the dif-

ficulty in directly observing and quantifying behavioral development

without disturbing parent-offspring interactions. Certain behaviors, such

as those directly related to feather and muscle development, may reflect

the physiological state of the nestling and thus may be a useful gauge of

developmental patterns. In this investigation, I compare the development

of male and female nestlings of a sexually dimorphic species to determine

whether sex-specific differences in morphological development are re-

flected in predictable differences in behavioral development.

In many sexually dimorphic species, mass differences between the sexes

appear early in development, with males weighing significantly more than

the females within a few days of hatching (e.g., Fiala and Congdon 1983,

Bancroft 1984, Teather and Weatherhead 1988). A similar trend is ap-

parent for bone development; the tarsus, for example, is significantly

longer in male Great-tailed Crackles {Quiscalus mexicanus) by three days

of age (Teather and Weatherhead 1988). Feather development, on the

other hand, proceeds more quickly in females. Primary feathers of female

Boat-tailed Crackles {Q. major) emerge significantly earlier and remain

' Dept, of Zoology, Cambridge Univ., Cambridge, UK CB2 3EJ. (Present address: Augustana Univ.

College, Camrose, Alberta, Canada T4V 2R3).
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longer than those of males until just prior to fledging when feather growth

of males overtakes that of females (Bancroft 1984). For many dimorphic

species, regardless of whether males or females are larger, it has been

suggested that the smaller sex develops locomotory skills more quickly

(e.g., Beebe 1960, Newton 1978, Richter 1983). Consequently, the smaller

sex, probably because of its more rapid development of feathers and

advanced locomotory skills, usually fledges before the larger sex (e.g.,

Holcomb and Twiest 1970, Newton 1978, Richter 1983, Bancroft 1984,

Delannoy and Cruz 1988).

Here I quantify patterns of stretching, preening, spontaneous begging

(begging in the absence of parents), scratching, and wing-flapping in nest-

ling male and female Red-winged Blackbirds (Agelaius phoeniceus), a

species that exhibits sexual size dimorphism early in development (Fiala

and Congdon 1983). Because stretching is probably related to the degree

ofmuscle development, I predict that iffemales develop locomotory skills

more quickly, they should stretch more often and earlier than males.

Similarly, because feather development and fledging time are advanced

in females, I expect preening behavior, scratching (a behavior thought to

supplement preening [Ficken 1962]) and wing-flapping to be initiated

earlier in females. In addition, since males require more food for growth

than females (Teather, 1992), the frequency of spontaneous begging (beg-

ging when parents are absent) should be higher in males.

METHODS

I studied a colony of Red-winged Blackbirds between 1 May and 15 July 1991 in a 4-ha

marsh near Portland, Ontario. Each day, I checked the colony for new nests, eggs, and

nestlings. Upon hatching, nestlings were marked uniquely on one tarsus, using a felt-tipped

waterproof marker. Nests were thereafter visited at least every second or third day until

nestlings were approximately ten days old.

Fourteen nests were chosen for videotaping on the basis of (a) ease of camera set-up

(filming was restricted to nests that were below waist height), (b) brood size (three or four

nestlings), and (c) nestling health (broods in which nestlings were underweight for their age/

sex group were not filmed). At least three days prior to filming, artificial cameras were placed

within 2 m of nests to habituate parents to their presence. When nestlings were 5-9 days

old, artificial cameras were replaced with videocameras between 06:00 and 09:00 h EST
and parent-nestling interactions filmed for 1.5 to 3 h. All nestlings were marked uniquely

with a small spot of colored acrylic paint on the tops of their heads. At the end of filming,

nestlings were weighed, and their tarsus lengths, eighth primary lengths, and gape widths

(commissural widths) were recorded. Sex of nestlings was determined by weight and tarsus

measurements (see Teather, 1992) which are significantly different shortly after hatching

(Fiala and Congdon 1983).

Nestling behaviors were replayed and reviev/ed at slow speed. I noted the frequency

(number/h) that individual nestlings (1) stretched legs, (2) stretched wings, (3) stretched legs

and wings simultaneously (wing-leg stretch), (4) preened (the number of minutes during

which nestlings were observed to preen), (5) scratched, (6) wing-flapped, and (7) sponta-
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Table 1

Number of Males and Females and Total Time of Observation for

Groups
THE Five Age

Males Females

Age (d) Number Time (h) Number rime (h)

5 4 1 1.3 3 8.6

6 1

1

30.9 17 47.9

7 14 34.3 21 58.3

8 8 22.5 15 38.0

9 6 16.8 8 20.9

neously begged. Possible age-related patterns and sex-related differences for behaviors were

tested by Spearman rank correlations and Mann-Whitney C-tests, respectively.

RESULTS

Table 1 lists the sex, number of nestlings, and total number of obser-

vation hours for ages five through nine days. Of the 14 nests, four were

filmed on one day, two on two days, five on three days, and three on four

days. Nine of the broods contained three nestlings, while the remaining

five contained four nestlings. The overall sex ratio was 20 males : 27

females.

Males were larger than females in terms of mass, tarsus length, and

commissural width for all ages during the study (Fig. 1). Mass and tarsus

lengths of opposite-sexed nestlings continued to increase and diverge dur-

ing the study period, while gape widths remained relatively constant for

ages five to seven days for both sexes and decreased thereafter. There was

no consistent difference between males and females in the length of eighth

primaries during this period.

If stretching is correlated with muscle activity, the frequency of this

behavior may be useful as an indirect measure of the degree to which

muscle development proceeds in nestlings. One obvious prediction from

this is that nestlings should stretch with increasing frequency as they

become older. With the exception of leg stretching by males, this was the

case (Fig. 2A-C). Leg stretching by females (g = 0.366, P = 0.004), wing

stretching by both males and females (males: r, = 0.331, P = 0.026;

females: g = 0.453, P < 0.001), and wing-leg stretching by both sexes

(males: g = 0.449, P = 0.003; females: g = 0.714, F = 0.001) increased

with age. While there were no differences between males and females in

the frequency of wing stretching, males consistently stretched their legs

more often than females from ages five through eight days although the

difference approached significance on only two ofthese days. No difference
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5 6 7 8 9 10

Age (days post-hatching)

Fig. 1 . Differences in (a) mass, (b) tarsus length, (c) gape width and (d) eighth primary

length for five to ten-day old male (closed circles) and female (open squares) Red-winged

Blackbird nestlings. Vertical lines represent one standard deviation.

was observed in the frequency of body stretching until nine days of age

when females stretched more often than males.

The development of preening skills is expected to coincide closely with

the development of feathers. Preening activity was observed at low fre-

quency when nestlings were five days old and may have occurred before

that age. However, it was uncommon in either sex until seven days of

age, after which the amount ofpreening done by female nestlings exceeded

that by males (Fig. 2D).

Scratching and wing-flapping were observed infrequently and only when
nestlings were seven to nine days old. Both behaviors appeared more
common in females, although sample sizes were too small for statistical

comparisons. Only one male, at seven days ofage, was observed to scratch,

and none was observed wing-flapping. Females scratched at a mean fre-

quency of 1.1 /h at both eight and nine days of age and wing-flapped at

frequencies of 0.35 and 0.80/h on days eight and nine, respectively.

Finally, there was no difference in the number oftimes males or females

begged in the absence of parents for any age cohort or over the entire

observation period (Fig. 2E). In neither sex did the frequency of spon-
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Age (days post-hatching)

Fig. 2. Sex-specific patterns of development in Red-winged Blackbirds with respect to

(a) leg stretching, (b) wing stretching, (c) leg-wing stretching, (d) preening and (e) spontaneous

begging. Box plots (males: hatched, females: open) provide 10th, 25th, 50th, 75th, and 90th

percentiles. Asterisks denote differences when f < 0.10 based on two-tailed Mann-Whitney

C-tests.

taneous begging change significantly between age groups (Spearman rank

correlations, P > 0.10 for each sex).

DISCUSSION

Although females are often said to develop more quickly in dimorphic

icterines (see Richter 1983), this perception is most often based on ad-

vanced plumage maturation and earlier fledging by females (e.g., Holcomb

and Twiest 1970, Richter 1983, Bancroft 1984) rather than on differences
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in behavioral development per se. Intersexual differences in behavior have

long been known to exist in nestling raptors. Since then, differences be-

tween male and female behavioral developments have been noted in

Peregrine Falcons {Falco peregrinus; Beebe 1960), Brown Goshawks (Ac-

cipiterfasciatus\ Olsen et al. 1982), and European Sparrowhawks {A. nisus\

Newton 1978). Of these, however, only Newton (1978) attempted to

quantify these differences and found that males generally achieved certain

developmental stages in advance of females. In this study, I present the

first detailed comparison of male and female behavioral development in

a sexually dimorphic passerine.

Stretching probably correlates closely with the extent to which nestlings

use various muscles. Andrew (1956) and Ficken (1962) found that nest-

lings stretched most often following rest, and occasionally after a period

oflocomotory activity and suggested that stretching movements following

rest probably result from proprioceptive feedback from muscles after they

have become cramped. In this study, the frequency of stretching by nest-

ling Red-winged Blackbirds increased between five and ten days, sug-

gesting that stretching correlates with muscle development. Qualitative

observations from other passerines such as Eastern Bluebirds (Sialia sial-

is). Cactus Wrens {Campylorhynchus brunneicapillus), and Curve-billed

Thrashers {Toxostoma curvirostre; Ricklefs 1966), American Redstarts

{Setophaga ruticilla; Ficken 1962) and Song Sparrows {Melospiza melodia\

Nice 1943) suggest that nestlings do not begin to stretch until the mid or

latter stages of the nestling period. If muscle development proceeds more
quickly in females than in males in sexually dimorphic species, a logical

prediction would be that stretching should begin earlier and occur at a

higher frequency for this sex. The results presented here, however, suggest

that males, rather than females, may stretch leg muscles at a higher fre-

quency earlier in development while there is no difference between the

sexes in the frequency of wing stretching throughout the nestling period.

The only support for this prediction comes from a slightly higher fre-

quency of wing-leg stretching by females late in the nestling period.

The development ofpreening skills is likely to be closely tied to plumage

development. Although there were no apparent differences in the devel-

opment of eighth primaries of male and female redwings in this study,

more detailed analyses of feather development in sexually dimorphic

species suggests that feathers emerge earlier and remain longer in the

smaller sex until shortly before fledging (Holcomb and Twiest 1970, New-
ton 1978, Moss 1979, Richter 1983, Bancroft 1984). Because feather

development proceeds more quickly in female icterines, preening behav-

ior should also be advanced in this sex. This appears to be the case;

females engaged in more preening behavior that did males at eight and
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nine days of age. In addition, limited evidence suggests that wing-flapping

and scratching may also occur earlier in females.

Although a number of investigations have qualitatively described some
ofthe behaviors of altricial nestlings, often providing a temporal sequence

concerning their patterns of expression, few studies have attempted to

test specific predictions concerning the onset or degree of expression with

respect to ecological conditions in which the nestlings are found (although

see Ricklefs [1966] and Holcomb [1966a, b] for exceptions). Ricklefs

(1966), however, suggested that the development of certain behaviors

may provide important information on the physiological state of nestlings

and that the expression of different behaviors may reflect the passing of

certain critical points in development. By comparing the onset and fre-

quency of certain behaviors that probably reflect a nestling’s develop-

mental stage, I have attempted to test the hypothesis that, among sexually

dimorphic nestlings, the smaller sex develops more quickly than the larger.

Although these results provide limited evidence in support of this hy-

pothesis, further studies, especially with respect to the development of

locomotory skills, should further clarify this issue.
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CURRENT STATUS OF THE SOCORRO MOCKINGBIRD

Aradit Castellanos and Ricardo Rodriguez-Estrella'

Abstract.—The Socorro Mockingbird {Mimodes graysoni), and endangered endemic
species, was the most widely distributed bird on Isla Socorro until 1978 when it was found

to be declining. Predation by feral cats, introduced in the island about 1957, was thought

to be the principal cause related to its decline. Although the Socorro Mockingbird was

considered on the verge of extinction, in 1988-1990 we found a larger and more widely

distributed population of the species in the island. We estimated that 50-60 pairs were

present. Received 24 March 1992, accepted 11 Sept. 1992.

The Socorro Mockingbird {Mimodes graysoni), and endangered endem-
ic species, was once the most abundant and widely distributed bird on

Isla Socorro (McLellan 1 926; Jehl and Parkes 1 982, 1 983). This condition

apparently prevailed until at least 1958 (Grayson 1 870-7 1 ,
Anthony 1 898,

McLellan 1926, Hanna 1926, Brattstrom and Howell 1956, Villa 1960).

By 1978 a dramatic change was noted. Jehl and Parkes (1982, 1983) found

only two to nine Socorro Mockingbirds which were confined to patches

of coastal fig trees, and they considered the species “on the verge of

extinction.” Furthermore, Jehl (1984) considered the species as endan-

gered with scant possibility for recuperation. Jehl and Parkes (1982) dis-

cussed the role of the predation by feral cats on Mimodes but concluded

that habitat destruction by sheep and potential competition with the

Northern Mockingbird {Mimus polyglottos), a recent colonizer of Isla

Socorro, had not affected Socorro Mockingbird abundance. In 1988-1990,

we found a larger and more widely distributed population of Socorro

Mockingbirds than reported in 1978 to 1981 by Jehl and Parkes (1982).

We present our findings on the Socorro Mockingbird’s status and some

ecological notes on the species obtained during our visits to Isla Socorro,

Mexico.

STUDY SITE AND METHODS

Isla Socon'o lies approximately 450 km SSW of the lip of Baja California peninsula,

Mexico (18°47'N, 1 10°57'W). It has an area of about 159 km^ and is the largest of the four

islands forming the Revillagigedo archipelago. Descriptions of the island can be found in

Miranda (1960), Levin and Moran (1989) and Santaella and Sada (1991).

We explored the southern half of the island and some portions of the northwest and west

sides (Fig. 1) in April (16-18), May (24-31), September (28-30), November (15-17) and

December (14-17), 1988, and in February (16-28), May (7-12) and November (18-25),

1990. The population of the species was estimated by intensively searching for each Socorro

Mockingbird. We walked through canyons, mixed scrub and forests where the Mimodes

' Centro de Investigaciones Bioldgicas de B.C.S., Apartado Postal 128, La Paz, 23000, B.C.S., Mexico.
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Table 1

Structural Features of the Forest Where Socorro Mockingbirds were Found

Species
Mean

height (m)
Crown cover

(mVha)
Crown

cover (%) Abundance
Density

(%)

Bumelia socorrensis 8.75 4478.6 24.99 6 11.54

Guettarda insularis 6.28 2073.4 11.57 9 17.31

Ilex socorroensis 5.81 4754.2 26.53 8 15.38

Psidium socorrensis 6.06 5980.3 33.37 26 50.00

Zanthoxylum insulare 5.00 143.3 0.8 1 1.92

Unknown 5.00 492.9 2.75 20 3.85

could be present. In addition, a group from the California Academy of Sciences and UCLA
used Mimodes vocalizations in several parts of the island to attract the species (L. Baptista,

pers. comm.). We plotted all observations on quadrangle maps of the island.

We measured the vegetation structure of the area where Socorro Mockingbirds (N = 15)

were observed most frequently foraging and displaying territorial behavior. The plot was

located on the south slope of the Mount Evermann in a forest habitat at 600 m elevation.

Only individuals taller than 0.5 m were registered for each plant species. Crown cover,

density of the main plant species, heights of the trees, phenology and soil exposure were

calculated on the 1000 m^ sampled area. Size of the area was calculated by the Minimal

Sample Area method (Mueller-Dombois and Ellenberg 1974).

RESULTS AND DISCUSSION

We observed between 20 and 25 Socorro Mockingbirds in February of

1990 and about 34 in November 1990. Considering that the northern

part of the island has not been explored we believe a greater number of

endemic mockingbirds inhabit the island today. We estimated conser-

vatively a population of 50-60 pairs of Mimodes for the whole island.

Most ofthe birds we detected were in the forest and mixed scrub vegetation

between 300 and 750 m (N = 52), but some birds were registered at lower

and higher altitudes (60-800 m elevation; N = 7); Webb and Howell (pers.

comm.) observed two pairs in February 1988 in a chaparral-like scrub

about 900-950 m elevation (Fig. 1). Structure of the forest where Socorro

Mockingbirds were frequently recorded indicates that Mimodes inhabits

mostly forest with trees 6-9 m tall, dominated by Bumelia socorrensis

and Psidium socorrensis with Guettarda insularis and Ilex socorroensis as

other important species (Table 1).

Mimodes was especially abundant in some small canyons, such as one

located about 600 m elevation, 2.5 km west of the airstrip on the south

slope of Mount Evermann, where we found up to 13 birds in about 5 ha.

In November 1 990, we identified 1 0 territories ofMimodes in this canyon,

which we marked using colored flags. Pairs were interspaced by 60.2 ±
14.6 m (range 40-80 m). In contrast, we found isolated individuals in the
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lowlands of the island where overgrazing by sheep is prevalent. A strong

territoriality was observed in February and we suspect the Socorro Mock-
ingbirds were nesting, because they were singing and carrying food in their

bills. We failed, however, to locate any nests of Mimodes. Food included

land crab remains. Ilex, Bumelia and Cordia fruits and small inverte-

brates, such as hemipterans and homopterans gleaned from the leaves,

trunk and litter. On one occasion Mimodes was observed eating eggshell

debris. The most commonly eaten fruit was that of Bumelia. Anthony

(1898) reported a Socorro Mockingbird stomach containing lizard {Uro-

saunis auriculatus) remains. We saw no predation upon any bird species.

Jehl and Parkes (1982, 1983) consider that the Mimodes decline began

in 1958, as a consequence of predation by feral cats introduced to the

island in 1957. Flowever, although Jehl and Parkes (1983) reported that

feral cats could be found over most of the island, at the present time

(1988-1990) the few sightings of cats and cat signs, most ofthem recorded

near human settlements, seem to indicate a low density and a restricted

distribution on the island (Veitch 1989; Amaud, Alvarez and Castellanos,

unpubl. data). Feral cat predation may have played a role in Socorro

Mockingbird abundance, but we believe that other factors were also im-

portant. We suggest that one of the principal causes Mimodes decline

was the tremendous habitat disturbance induced by sheep overgrazing the

island. This disturbance has lead to erosion and to a lack of vegetation

in some areas, i.e., the Psidium forest has almost vanished in the lowlands

since 1958 (see Miranda 1960). Almost one third of the island is now
impacted by sheep overgrazing (Fig. 1); we did not find any Socorro

Mockingbird in these areas. In contrast we found several Mimodes in the

forests where the impact of sheep was low or moderate. In addition, the

potential role of competition between Mimodes and the Northern Mock-
ingbird should be considered. The latter apparently became established

on Isla Socorro since 1978 (Jehl and Parkes 1982). At the present Mimus
is very common and abundant elsewhere in the areas we explored on the

island. In almost all sites where we observed Mimodes, the Northern

Mockingbird was also present.

The habitat condition of the island has not improved between 1978-

1990, and rather the habitat degradation has increased in some areas. In

this situation the Mimodes population could hardly have been increased

in numbers in this period. The low numbers of Mimodes found by Jehl

and Parkes (1982, 1983) probably were a mistake because they spent few

days in the field and surveyed a restricted area of the island.

Although the Socorro Mockingbird is not on the verge of extinction,

the species is still endangered, because of the spread of erosion on the

island caused by sheep overgrazing and the persistence of the feral cat
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population. Our census revealed that Socorro Mockingbirds are common
in certain areas that warrant immediate and effective protection; sheep
and feral cats must be eliminated or controlled. Finally, a study of the
relationships and interactions between Mimodes and Mimus should be
conducted in order to understand the ecological relationships between the

two.
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DYNAMICS OF DEPREDATION ON ARTIFICIAL
GROUND NESTS IN HABITAT MANAGED FOR

RUFFED GROUSE

Richard H. Yahner, Carolyn G. Mahan, and
Colleen A. Delong*

Abstract.—We tested the hypothesis that depredation on artificial ground nests did not

differ with plot age, nest location, or time period in an area under intensive Ruffed Grouse

{Bonasa umbellus) management in central Pennsylvania after a third cutting cycle from

May-August 1991. We also compared depredation of nests in the third cycle to that observed

in the second cycle on the management area. Sixty-eight (22%) of the nests were disturbed

during five trials after the third cutting cycle. Nest fate was independent of age of plot, nest

location, and time period (P > 0.10). Depredation on artificial nests declined (P < 0.05) in

most plots from the second to third cutting cycles. We attributed lower rates of depredation

after the third cutting cycle to lower relative abundance of corvids compared to the era

between the second and third cycles. We concur with other investigators that effects of

localized fragmentation on avian nesting success must consider the dynamics of predator

abundance to better understand impacts of predators. Received 28 May 1992, accepted 5

Oct. 1992.

An even-aged system of clearcutting to evaluate the effects of forest

management on Ruffed Grouse {Bonasa umbellus) in central Pennsylvania

(Barrens Grouse Habitat Management area [HMA]) resulted in a mosaic

of small (1 ha) forest plots that differed in age (Yahner 1989). Previous

studies of artificial ground nests on this area demonstrated that depre-

dation was principally due to corvids and that rates varied with plot age

and extent of localized forest fragmentation created by intensive habitat

management for Ruffed Grouse (Yahner and Wright 1985, Yahner and

Cypher 1987, Yahner and Scott 1988). Since the study by Yahner and

Wright (1985), the third cutting cycle has occurred, resulting in an increase

in forest fragmentation by creation of a contiguous pattern of different

forest-age classes on a portion (hereafter termed the 75% area) of the

Barrens Grouse HMA (Yahner 1992). Thus, the Barrens Grouse HMA
provided a unique opportunity to examine depredation on artificial ground

nests in habitat managed intensively and specifically for Ruffed Grouse,

as well as to compare our findings with those reported from the same area

prior to the third cutting cycle (Yahner and Wright 1985). We tested the

hypotheses that ( 1 ) depredation on artificial ground nests in an area under

intensive Ruffed Grouse habitat management after a third cutting cycle

did not differ with age of plot, nest location (distance from edge), or time

period and (2) depredation on nests did not vary between the second

' School of Forest Resources and Graduate Program in Ecology, The Pennsylvania State Univ., University

Park, Pennsylvania 16802.
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(Yahner and Wright 1985) and third cutting cycles at the Barrens Grouse
HMA.

STUDY AREA AND METHODS

Our study was conducted on a 128-ha portion (75% area) of the Barrens Grouse HMA,
State Game Lands 176, Centre County, Pennsylvania, the site of an earlier study of dep-

redation on artificial ground nests (Yahner and Wright 1985). The 75% area was within the

treated sector of the Barrens Grouse HMA which was managed, using an even-aged system

of forest clearcutting under the supervision of the Pennsylvania Game Commission, to

create habitat for Ruffed Grouse (Yahner 1991, 1992).

The treated sector consisted of 50 and 75% cut areas, corresponding to the extent of forest

fragmentation resulting from clearcutting. The sector contained 1 36 contiguous, 4-ha blocks,

and each block was subdivided into four 1-ha (100 x 100 m) plots arranged in a clockwise

pattern (plots A-D). Plot A (western plot) in each block was clearcut during winter 1976-

1977 (first cutting cycle). Plot B (northern plot) in each block of the 75% area was cfearcut

during winter 1980-1981 (second cycle). In addition, a third plot C (eastern plot), in each

block of the 75% area was clearcut during winters 1985-1986 and 1986-1987 (third cycle),

thereby giving three clearcut plots of different ages and an uncut plot (plot D) in each block

of the 75% area (Yahner 1989, 1991, 1992).

Overstorv' trees (>7.5 cm dbh and > 1.5 m tall) in uncut plots were about 60 years old

and were primarily bigtooth aspen {Populus grandidentata), quaking aspen {P. tremuloides),

oak {Qiiercus spp.), and pitch pine (Pinus rigida). Major understory trees (2. 5-7. 5 cm dbh)

and shrubs (<2.5 cm in diam) in clearcut and uncut plots were aspen {Populus spp.), scrub

(Quercus ilicifolia), and dwarf chinkapin oak {Q. prinoides), and blueberry {Vaccinium spp.)

(Yahner et al. 1989).

Birds nesting at ground level at the Barrens Grouse HMA included Wild Turkey {Meleagris

gallopavo. Ruffed Grouse, American Woodcock {Scolopax minor), Ovenbird {Seiurus au-

rocapillus). Rufous-sided Towhee {Pipilo erythrophthalmus), and Field Sparrow {Spizella

pusilld) (Yahner and Wright 1985, Yahner 1986). Potential avian predators on ground nests

at the Barrens Grouse HMA included American Crow {Corvus brachyrhynchos) and Blue

Jay {Cyanocitta cristata)-, potential mammalian predators were Virginia opossum {Didelphis

virginiana), raccoon (Procyon lotor), striped skunk {Mephitis mephitis), weasel {Mustela spp.),

red fox {Vulpes vulpes), and gray fox {Urocyon cinereoargenteus) (Therres 1982).

We placed artificial nests during five time periods (trials) from late May to early August

1991 (Table 1). An artificial nest consisted of three fresh, brown chicken eggs put in a slight

depression in leaf litter adjacent to a log, stump, or overstory tree (Yahner and Wright

1985). Each trial was six days in length, with eight days between trials. During each trial,

we randomly selected eight blocks and established two nests in each plot (C, B, A, and D;

hereafter also termed 6-year-old, 10-year-old, 14-year-old, and uncut plots, respectively)

between sunrise and 12:00 h. One nest was placed in the center of the plot (interior nest),

and the other was positioned medially along and 5 m from the northern boundary of the

plot (edge nest) (Yahner and Wright 1985). This experimental design gave a sample size of

64 nests/trial, with 16 nests/age class of plot (A-D) divided equally between interior and

edge nests (four of 320 nests were omitted from analyses due to incorrect placement). We
wore rubber gloves and boots to minimize human scent at the nest (Nol and Brooks 1982).

We determined the fate (undisturbed, disturbed by an avian predator, disturbed by an

unknown predator) of nests six days after placement from sunrise to 12:00 h during each

trial. A disturbed nest had one or more broken or missing eggs by day 6. Appearance and

mode ofdisturbance of nests and eggs were used to categorize predators as avian or nonavian
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Table 1

Fate of Artificial Ground Nests in Managed Ruffed Grouse Habitat, the
Barrens Grouse HMA, Centre County, Pennsylvania, May-August 1991

Plot age
(years) Location Trial

Nest fate (N)

Undisturbed Disturbed

6 Interior 1 7 1

2 5 3

3 5 3

4 5 2

5 7 1

Subtotal 29 10

Edge 1 7 1

2 7 1

3 7 1

4 5 2

5 8 0

Subtotal 34 5

10 Interior 1 6 2

2 6 2

3 6 1

4 8 0

5 6 2

Subtotal 32 7

Edge 1 7 1

2 7 1

3 5 3

4 6 2

5 5 2

Subtotal 30 9

14 Interior 1 6 2

2 6 2

3 7 1

4 6 2

5 5 3

Subtotal 30 10

Edge 1 8 0

2 7 1

3 8 0

4 7 1

5 2 6

Subtotal 32 8

Uncut Interior 1 7 1

2 6 2

3 4 4
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Table 1

Continued

Plot age
Nest fate (N)

(years) Location Trial Undisturbed Disturbed

4 6 2

5 5 3

Subtotal 28 12

Edge 1 6 2

2 8 0

3 7 1

4 6 2

5 6 2

Subtotal 33 7

(Rearden 1951, Yahner and Wright 1985). Eggs and eggshell fragments were removed at

the end of each trial. We counted the numbers of potential avian predators (American Crows

and Blue Jays) while slowly walking (<3 km/h) within 200 m of artificial nests at time of

placement and removal (Yahner and Scott 1988, Yahner et al. 1989); time spent at a visit

to each nest was approximately five minutes.

We examined dependency of nest fate (undisturbed vs disturbed) on age of plot (6-year-

old, 10-year-old, 14-year-old, or uncut), nest location (interior vs edge), and time period

(trials 1-5) using a four-way test-of-independence (Dixon 1985), the same three independent

factors examined by Yahner and Wright (1985) prior to the third cutting cycle. Likelihood

ratios {G^) were used to test for interactions of nest fate with other variables, using log-linear

models (Sokal and Rohlf 1981, Dixon 1985).

We also compared nest fate (undisturbed vs disturbed) between the second cutting cycle

(Phase III, Yahner and Wright 1985) and the third cycle (present study) on the same 128-

ha portion (75% area) of the Barrens Grouse HMA. In each of three separate analyses, we

determined the dependency of nest fate on cutting cycle in plots of three age classes (10-

year-old [plot B], 14-year-old [plot A], or uncut [plot D]) to examine whether or not rates

of nest depredation changed in the same plots over an 8-year period (1983 vs 1991). We
used two-way G-tests-of-independence in these analyses and applied Yate’s correction for

continuity to each cell prior to analysis (Sokal and Rohlf 1981).

Because avian predators were the major cause of nest failure at the Barrens Grouse HMA
(Yahner and Wright 1985), we qualitatively compared average numbers of crows and jays/

day (placement and removal of nests) to those recorded in 1986 (Yahner and Scott 1988)

and 1988 (Yahner et al., 1989); numbers of crows or jays were not noted in 1983 (Yahner

and Wright 1985). In addition, we examined if total number of nests disturbed by predator

type (avian vs nonavian) varied between the second cutting cycle (Yahner and Wright 1 985)

and the third cycle (present study) using a two-way G-test-of-independence and Yate's

correction for continuity (Sokal and Rohlf 1981).

RESULTS

Sixty-eight of 316 artificial ground nests (22%) were disturbed during

the five trials (Table 1). Nest fate was independent of age of plot (G =
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0.90, df = 3, P > 0.90), nest location {G = 1.88, df = 1, P > 0.10), and

time period (G = 4.3 1, df = 4, P > 0.30). Percentage of disturbed nests

ranged from 19% in six-year-old plots to 24% in uncut plots. Twenty-five

percent of the interior nests were disturbed compared to 1 8% of the edge

nests. Percentage of disturbed nests/trial varied from 16% in trial 1 to

30% in trial 5.

Nest fate differed between second and third cutting cycles (1983 vs

1991) in plot B{G= 7.84, df = 1, P < 0.01) and plot D (G = 16.05, df
= 1, P < 0.001) but not in plot A (G = 1.88, df = 1, 0.05 < P < 0.10).

Forty-one percent of the nests in plot B were disturbed subsequent to the

second cutting cycle compared to 21% after the third cycle; similarly,

more nests were disturbed in plot D after the second (55%) than after the

third cycle (24%). In plot A, 32 and 23% of the nests were disturbed

subsequent to second and third cycles, respectively.

We noted an average of 2.3 crows/day and 4.6 jays/day (placement and

removal) in our study. More crows (61%) and jays (35%) were observed

in trial 1 than in any of the other four trials; when trial 1 was excluded,

averages of only 1.1 crows/day and 3.7 jays/day were noted (trials 2-5).

In contrast, greater numbers of avian predators were observed in previous

studies of artificial nests at the Barrens Grouse HMA. In 1986, averages

of 2.4 crows/day and 6.2 jays/day were found (Yahner and Scott 1988);

in 1988, 2.4 crows/day and 5.3 jays/day were observed (Yahner et al.

1989). Furthermore, nest fate was dependent on cutting cycle, with 36%
of the ground nests lost to avian predators in 1983 (Yahner and Wright

1985) compared to only 9% in the present study (G = 14.52, df = 1, P
< 0 .001 ).

DISCUSSION

The rate of nest disturbance in our study (22%) was lower than rates

reported in previous studies of depredation of artificial ground nests at

the Barrens Grouse HMA (32-42%, Yahner and Wright 1985, Yahner

and Scott 1988, Yahner et al. 1989). Redmond et al. (1982) noted a

relatively low rate of nest loss (17%) for Spruce Grouse (Canachites can-

adensisfmnklinii) in Alberta that established nests in habitats with dense,

shrubby vegetation; in their study, all nest predation was attributed to

mammals. In contrast, Redmond et al. (1982) found 70% of nests estab-

lished by Spruce Grouse (C. c. canace) in new Brunswick were lost to

mammalian predators; these nests were in habitats with relatively sparse

vegetation near ground level. Similarly, Yahner and Morrell (1991) ob-

served an 80% loss of artificial ground nests, principally due to high

abundance of raccoons, in irrigated forested stands located 10 km from

the Barrens Grouse HMA.
Ground nests may be less susceptible to predation than arboreal nests
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(Joern and Jackson 1983, Marlin 1987, Yahner and Scott 1 988), especially

when birds rather than mammals are the principal predators (Yahner et

al. 1989). At the Barrens Grouse HMA, avian predators (e.g., American
Crows and Blue Jays) rather than mammalian predators (e.g., raccoons)

traditionally have had the major impact on artificial and natural avian

nests (Yahner el al. 1989, Yahner 1991).

We have no evidence of temporal changes in abundance of mammalian
predators at the Barrens Grouse HMA (Yahner and Morrell 1991). In

contrast, limited data suggest that relative abundance of avian predators

has declined subsequent to the third cutting cycle compared to the era

between the second and third cycles. Both American Crows and Blue Jays

are adapted to edge habitats (Whitcomb et al. 1981), and relative abun-

dances are negatively correlated with the percentage of forest within 2 km
of sampling units (Robbins et al. 1989). However, relative abundances

of these two corvids are positively associated with size of forest stands

(Robbins et al. 1989). Hence, despite increased fragmentation at the Bar-

rens Grouse HMA with the third cutting cycle (Yahner 1992), relative

abundances of crows and jays probably declined in the 75% area because

only one-half of the uncut forest (plots C and D combined = 2 ha) present

after the second cutting cycle remained after the third cycle (plot D only

= 1 ha). As forest stands became smaller, nest-site availability was re-

duced, thereby conceivably affecting breeding abundance of both corvids

(Stouffer and Caccamise 1991). We would expect nest predation by crows

to be reduced with lower nest-site availability because predation is greater

on nests within home ranges of breeding crows than outside home ranges

(Sullivan and Dinsmore 1990). Moreover, smaller forest stands perhaps

reduced both the availability of mast and the abundance ofjays; jays are

dependent on mast as food (Smith 1986) at the Barrens Grouse HMA.
Although we found no difference in rates of nest depredation with age

of stand, distance of nest from edge, or time period (trial), we urge caution

in interpreting our results. In previous studies, rates of depredation were

significantly associated with age of plot or with trial (Yahner and Wright

1985, Yahner and Cypher 1987) when corvids, which represent efficient

nest predators (Wray et al. 1 982, Joern and Jackson 1 983), were abundant.

We concur with others (Bowman and Harris 1980, Pieman 1988, Yahner

and Morrell 1991) that effects of localized forest fragmentation, such as

created by intensive habitat management for Ruffed Grouse, on avian

nesting success must consider the dynamics of predator abundance to

understand impacts on avian nesting success.
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INFLUENCE OF OBSERVATION POSTS ON
TERRITORY SIZE OF NORTHERN SHRIKES

Reuven Yosef*

Abstract. — In male Northern Shrikes, impaling sites as a resource did not limit territory

size as did hunting perches. After all posts and wire had been removed, the shrikes expanded

their territories to pre-manipulated dimensions. The implications of this study for the family

Laniidae are discussed. Received 19 March 1992, accepted 1 July 1992.

The territory sizes of male Northern Shrikes {Lanius excubitor) in the

central Negev desert of Israel are resource dependent. The resource in

this case is the number of observation/hunting posts which dictates the

size of the territory defended. Male shrikes in this population reside per-

manently in breeding territories and some are polygynous (Yosef and

Pinshow 1988). They cache prey at and around the most frequented

observation posts and hunt almost exclusively from perches.

Following a decision of the county council, the loess plain upon which

the settlement of Sede Boqer is located was fenced. The plan was imple-

mented during the summer of 1989 and a 3 m high fence, with barbed

wire at the top was built. The fence bisected the territories of three male

shrikes that had been studied for three years (1987-1989) and whose

boundaries were mapped (Yosef and Pinshow 1989). An almost instant

change in the configuration of the territories was apparent. Also apparent

was the fact that all three territories had shrunk in size. Following this

observation, I hypothesized that impaling sites are a critical resource for

male display to females (Yosef and Pinshow 1989) and that perch sites

are a critical resource for hunting efficiency, dictating the size of the area

defended. These hypotheses led to the predictions that territory size will

decrease if (a) barbed wire is added and/or (b) posts are added. I tested

the predictions by experimentally manipulating territories ofmale North-

ern Shrikes near Sede Boqer (34°47'N, 30°52'E, 475 m AST), in the Negev
Desert, Israel. This area is classified as arid, with 250-300 biological dry

days per year and a precipitation to evaporation ratio of <0.2 (UNESCO
1977).

METHODS

During September 1989,1 mapped the territories of 1 4 male Northern Shrikes by observing

their reactions to taped songs of other males (Miller 1931, Kridelbaugh 1982). In addition,

' Mitrani Center for Desert Ecology, Jacob Blaustein Institute for Desert Research, and Biology Dept.,

Ben-Gurion University, Sede Boqer Campus, 84993 Israel. (Present address; Dept, of Zoology, 1735 Neil

Avenue, The Ohio State Univ.. Columbus, Ohio 43210-1293 and Archbold Biological Station, P.O. Box

2057, Lake Placid, Florida 33852.)
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I noted favored cache sites and verified that no fences traversed territories. All 1 35 perches

available were annuals and bushes. Shrikes were captured with a bal-chatri noose trap (Clark

1968) and color banded for individual identification. Visual observations were made with

10 X 40 binoculars and a 20x telescope. Individuals on the fence-bisected territories of

Sede Zin were not manipulated and were used as controls in order to verify that no changes

in territory size occurred over the course of the study period due to seasonal changes or

other unpredicted factors.

Random lots were drawn to decide which territories were to receive both fence posts and

barbed wire and which would receive only posts with no additional (barbed wire) impaling

facilities provided. During the first two weeks of October 1989, posts were planted 15 m
apart and barbed wire stretched. Observations on changes in boundaries and impaling sites

were made for the next six weeks. After all manipulated territories were remapped during

the last week ofNovember, all posts and barbed wire were removed and further observations

were made until mid-December.

Results are expressed as means ± SD unless otherwise stated; groups were compared
using paired /-test to check for differences in territory sizes before and after manipulation.

I chose P < 0.05 as the minimum acceptable level of significance.

RESULTS AND DISCUSSION

Over a period of 2-3 weeks, the male Northern Shrikes discovered the

new perches and modified their territory boundaries and impaling sites.

Males in territories with posts and barbed wire began impaling their prey

on the barbed wire in the immediate vicinity of the posts. Males from

territories that had posts but no barbed wire began hunting from the posts,

and established new concentrations of impaling sites. These concentra-

tions were mainly to be found near posts, in saltbushes {Atriplex halunus)

whose tender branches had been fed upon by fat-tailed sand rats {Psam-

momys obesus), leaving a jagged edge which when dry became extremely

sharp and then was used by shrikes for impaling. Although this indicated

that my first hypothesis was disproven, and that impaling sites were not

a resource limiting territory size, it remains possible that barbed wire may
represent higher quality impaling sites to Northern Shrikes.

In late November 1989, all territories were remapped. Significant dif-

ferences were found in areas defended by males before and after manip-

ulation. All territories decreased in area (/ = 9.2, 13 df, P = 0.0001; Table

1). Males from territories in which both posts and barbed wire were

introduced decreased the total area defended from an average of 60.03

± 4.6 ha to 54.5 ± 3.4 ha (t = 6.9, 6 df, P = 0.0002), and males that had

only posts decreased their territories from an average of 58.6 ± 5.7 ha

to 52.3 ± 4.8 ha (t = 6.0, 6 df, P = 0.0004). This result illustrated that

hunting perches in a given area are a limiting resource for male Northern

Shrikes. This conclusion is further substantiated by results obtained in

December. After all posts and wire had been removed, the shrikes ex-

panded their territories to pre-manipulated dimensions. An A-B-A anal-

ysis showed that significant differences in territory size occurred between
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Table 1

Territory Sizes (Ha) of Northern Shrikes Before and After Manipulation at Sede

Boqer, Israel

Manipulated territories

Initial During % Change After

Posts and barbed wire: 56.9 54.8 3.7 56.3

63.2 56.7 10.3 63.4

67.1 59.9 10.7 67.2

59.2 51.3 13.4 59.4

52.7 49.6 5.9 52.3

61.2 55.3 9.6 61.8

59.9 53.6 10.5 59.6

Mean ± SE 60.0 ± 1.7 54.5 ± 1.3 60.0 ± 1.8

Posts only: 52.1 48.3 7.3 52.0

66.3 57.1 13.9 65.9

63.7 60.2 5.5 63.4

54.6 50.1 8.2 54.5

56.9 48.2 15.3 57.0

53.2 48.6 8.7 53.6

63.3 53.7 15.2 62.9

Mean ± SE 58.6 ± 2.2 52.3 ± 1.8 58.5 ± 2.1

the mean of the initial and after-manipulation territories and during the

manipulation (Table 1). Territories with both fence posts and barbed wire

(paired t value = 6.38, 6 df, P = 0.0007) and territories with only fence

posts (paired t value = 6.09, 6 df, P = 0.0009) decreased significantly.

For the duration of the study, no changes in the dimensions or configu-

rations of control territories were observed {t = — 1.136, 6 df, P = 1).

The implications of this study for the family Laniidae could be far

reaching. The Laniidae have exhibited a world-wide steady and unex-

plained decline (e.g., Bibby 1973, Bassin 1981, Tate 1986). The fact that

in a given habitat it is possible to reduce the size of a shrike’s territory

by introducing suitable hunting perches could possibly allow for man-
agement practices that would augment local populations.
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SHORT COMMUNICATIONS

The Forster’s Tern in Minnesota: status, distribution, and reproductive success.— Forster’s

Tern {Sterna forsteri) often breeds in prairie marshes characterized by emergent vegetation

or muskrat houses (Bergman et al. 1970). Breeding is restricted to North America, and the

northern Great Plains comprise the primary range (AOU 1983). Since presettlement times,

well over 50% of prairie wetlands in this region have been converted to agriculture (Leitch

1989), but population size and breeding success of Forster’s Tern in Minnesota were un-

known prior to the present study. In 1984, the Forster’s Tern was designated a species of

“special concern” by the Minnesota legislature (Coffin and Pfannmuller 1988). Our study

examines breeding distribution and population size, reproductive success, and factors af-

fecting reproductive success of the species in Minnesota.

Study area and methods. —Census sites were selected from records obtained from the

Minnesota Dept, of Natural Resources Colonial Waterbird Data Base (MDNR CWDB).
Breeding pair estimates were made at 16 sites during the two years of our study. Census

sites are described in greater detail in Louis (1989). For each site we obtained information

on wetland size and classification from MDNR Division ofWaters (Shaw and Fredine 1956,

Cowardin et al. 1979). We completed most census activities during the first week of June;

efforts were timed to coincide with late incubation. Colonies were reached either by boat

or wading from shore. Nests containing one or more eggs or young were counted. We selected

three colony sites in 1985 (Clearwater, Mother, and Swan lakes) and two colony sites in

1986 (Mother and Swan lakes) to monitor on a regular schedule. Nests were visited weekly

from late incubation through fledging or disappearance of the offspring. A sample of nests

was selected for study: Clearwater Lake (24 in 1985), Mother Lake (1 1 in 1985; 7 in 1986),

and Swan Lake (45 in 1985; 45 in 1986). During each visit, the number of eggs and chicks

was recorded in each monitored nest. The fate of each egg (e.g., non-viable, hatched, dis-

appeared) and each chick (e.g., died, disappeared, fledged) was also recorded, as was any

evidence of factors that may have affected reproductive success (e.g., weather, predators,

human disturbance). Chicks were banded with a USFWS aluminum leg band. Three variables

were used to measure breeding success: hatching success (chicks hatched/total eggs laid),

fledging success (fledglings/total eggs laid), and reproductive success (fledglings/breeding

pair).

Results.— 'We recorded 817 and 993 Forster’s Tern nests in Minnesota in 1985 and 1986,

respectively. The colony sites were located in the southern and western portions of the state,

from as far north as Thief Lake to southernmost North Heron Lake and west as far as Coon
Creek, with Wood Lake at the eastern edge of the range. Breeding was concentrated at five

sites during the two years. From 64% (1985) to 93% (1986) of the pairs nested in Jackson,

Marshall, Nicolet. Pope, and Wright counties. Because Forster’s Terns may nest in small

colonies and often change sites between years, we recognize that our coverage of all potential

breeding sites was incomplete. We are quite confident that the major colonies were visited

and believe the total breeding population in Minnesota was less than 1 100 pairs.

While no major difference was found in the size of the total population between the two

years, significant interseasonal variation in colony size occurred. The nests at Lake Osakis

and Clearwater Lake comprised 40% of the total 1985 population. In 1986, there were no

Forster’s Tern nests at these sites. The largest colony in 1985 (326 pairs), located at Swan
Lake, was approximately the same size in 1986 (316 pairs). At the same time, Agassiz

National Wildlife Refuge colony increased by about 250 pairs and North Heron Lake colony

by almost 180. The other sites varied by fewer than 30 nests between years.
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Table 1

Forster’s Tern Breeding Success in 1 985 AND 1986

Colony Site Year
Hatching success

(%)

Fledging success

(%)

Reproductive
success

Clearwater Lake 1985 33 17 0.46

Mother Lake 1985 0 0 0.00

1986 20 0 0.00

Swan Lake 1985 20 6 0.16

1986 33 5 0.13

Means 1985 18 8 0.20

1986 27 3 0.07

Colony sites in Minnesota were limited to wetland types 3 (one site), 4 (nine sites), and

5 (six sites). Of the non-urban sites used in 1985 or 1986, only one, Coon Creek, was small

(207 ha). The rest were 700 ha or larger. The urban sites. Mother Lake and Wood Lake,

were both small (55 and 49 ha, respectively). During the study, hatching success ranged

from 0-33% among colonies and 18-27% for all study sites between years. Fledging success

varied from 0-17% among colony sites but was 3-8% for all study sites between years, and

reproductive success ranged from 0 chicks/pair at Mother Lake in both years to 0.46 chicks

produced/pair at Clearwater Lake in 1985 (Table 1). Of 282 eggs, 171 (61%) disappeared

prior to hatching; only 25% ofthe eggs hatched. Approximately 1 3% of all eggs were deserted,

and only four eggs (<2%) were non-viable. Of the 70 chicks that hatched, disappearance

also was the most common fate; 67% disappeared before reaching 15-days-of-age. Only one

chick (<2% of all chicks from monitored nests) was known to be killed by a predator, but

other chicks from adjacent unmonitored nests were found decapitated. Another 1% ofchicks

were found dead of unknown causes.

Discussion. — Onx estimate of the current Minnesota breeding population of Forster’s Terns

as less than 1 100 pairs indicates the state population has declined by approximately 60%

since 1942 (MDNR CWDB). Although fewer pairs now nest in the state, their breeding

distribution appears similar to that reported early in this century (Roberts 1932, MDNR
CWDB). We found Forster’s Terns breeding throughout the western prairie wetlands and

eastward through the prairie-woods transition, including an extension into the central part

of the state to the Twin Cities.

Forster’s Terns utilized a range of wetland type colonies but were found most often in

Type 4 wetlands, which are characterized by large stable stands ofdense emergent vegetation

and extensive water for foraging. Nests were almost always constructed on rooted cattail

bases, but at several lakes they were placed in dense stands of bulrush {Scirpus sp.). Our study

and historical data indicate that Forster’s Terns often select Type 5 wetlands when large

floating vegetation mats or other suitable nesting substrates are available. The deeper water

and more open expanses of Type 5 wetlands may provide a predictable food resource and

greater protection from mammalian predators. Type 4 wetlands were consistently used, but

terns utilizing these sites may, on average, have much lower reproductive success than pairs

nesting in Type 5 wetlands. Type 4 sites appear verv vulnerable to several species of predators

and nest destruction by major summer storms. Although Forster’s Terns periodically utilize

small wetlands characterized by shallow water and emergent vegetation (Type 3), these sites
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appear less than ideal because ofeasy access by mammalian predators and greater sensitivity

to drought.

Forster’s Tern has been one of the least censused colonial waterbird species in Minnesota

(Guertin and Pfannmuller 1985) and probably elsewhere throughout its range. Although

there is no estimate of the total number of Forster’s Terns that breed in North America, a

few regional figures are available (e.g., Kress et al. [1983] recently reported 3100 pairs in

the northeastern United States). In the area surrounding Minnesota, several states and

provinces have assessed Forster’s Tern population size but the status of this species in this

region is poorly understood (Louis 1989).

In this study, hatching rate was as high as 33% (Swan Lake, 1986) and as low as 0%
(Mother Lake, 1985). McNicholl (1982) found hatching rates of 5-15% in Manitoba. In

South Dakota, Houston (1973) reported 66% hatching success, and in California, Coulter

found that 65% of the eggs hatched (McNicholl 1982). Fledging success in Minnesota also

varied among sites and between years. The success (approximately 1 7%) recorded at Clear-

water Lake in 1985 is the highest reported for this species in the literature. Other studies

report 1-14% (Bergman et al. 1970, McNicholl 1982). The highest estimate of reproductive

success recorded in this study, 0.46 fledglings/pair, is below the 1.1 fledglings/pair needed

to maintain a population of Common Terns at its current size (Nisbet 1978, DiCostanzo

1980). Because data on Forster’s Tern life expectancy and mortality rates are not available,

it is not possible to obtain good estimates of the level of reproductive success required to

sustain the Minnesota Forster’s Tern population. McCaskie and Pugh (1964) reported re-

productive success rates of 0.14 fledglings/pair, and McNicholl (1982) found that 7% of all

eggs fledged in 1968; none survived to this stage in 1969. Data on other species of marsh

nesting terns also indicate apparently low fledging success for terns nesting in wetland habitats

(McCaskie and Pugh 1964, Burger and Lesser 1979, Ohlendorf et al. 1985).

Wave action, wind, and rain destroyed a number of nests during both years of our study.

Runoff also affected nesting areas after initial storms were over and high water level was an

important factor influencing breeding success at several Minnesota colonies. Although flash

flooding may occur soon after a storm we found that water levels often continued to rise

for days following significant precipitation. Although only one chick was known to be

predated, other evidence (e.g., decapitation, flesh wounds, punctured eggs, missing eggs, and

missing chicks) indicated that predation was a common cause of mortality during both years

of the study. Although we could not document the extent of predation either year, we believe

that most missing eggs were eaten by predators and that some portion of the chicks that

disappeared prior to fledging also experienced this same cause of mortality. We estimate

egg loss to predators may have ranged from 100% at Mother Lake (1985), 45-75% at Swan
Lake, 34% at Clearwater Lake and believe most mortality was caused by Great Homed
Owls (Bubo virginianus). Black-crowned Night Herons (Nycticorax nicticorax), and mink

(Mustela vison).

We recommend protecting traditional colony sites against wetland development so that

Forster’s Terns will have alternative nesting habitat available during years of water level

extremes. We also encourage a coordinated census effort by states and provinces in the

Northern Great Plains region to evaluate the current status of this species throughout its

primary breeding range.
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Increase in breeding population of Tundra Peregrine Falcons in the central Canadian

Arctic.—The Tundra Peregrine Falcon {Falco peregrinus tundrius) is a pale race breeding

in tundra regions ofnorthern Canada, Alaska, and Greenland (White 1 968). Tundra peregrine

populations underwent a population decline in the years around 1 970 as a result of pesticide

contamination (Kiff 1988) and currently are listed as “threatened” by the U.S. Endangered

Species Act and were downlisted from “threatened” to “vulnerable” in 1992 by the Com-

mittee on the Status of Endangered Wildlife in Canada. In the 1980s, increasing numbers

oftundra peregrines were noted in Alaska (Ambrose et al. 1988), western Greenland (Mattox

and Seegar 1988), southern Greenland (Falk and Moller 1988), northern Quebec (Bird and

Weaver 1 988), and the Canadian Arctic (Bromley 1988). By contrast, the breeding population

at Rankin Inlet, on the coast of Hudson’s Bay, has shown no obvious trend since 1982

(Bradley 1988; Court et al. 1988; R. Johnstone, pers. comm.), and the small population of

tundra peregrines on the Yukon North Slope no longer exists (David Mossop, pers. comm.).

In 1982-1991, we monitored occupied territories of Peregrine Falcons at two coastal areas

in the central Canadian Arctic. In this note, we report increases in numbers of occupied

tundra peregrine territories.

The two study areas are 400 km apart, and at both nest sites are abundant, vegetation is

low-arctic tundra, and weather is variable and often severe. The first, Hope Bay, is situated

on the coast of the Arctic Ocean in the central Northwest Territories (68°10'N, 106°15'W).

The area comprises approximately 2000 km^, exclusive of major water bodies. Numerous
opportunities for nesting are provided by granitic outcrops and diabase dykes and sills

(Fraser 1964) which dominate the topography. Poole and Bromley (1988) presented a de-

tailed description of the Hope Bay study area. The second study area comprises approxi-

mately 4000 km^ of tundra surrounding the community of Coppermine (population 956)

(67°49'N, 1 15°12'W). Sparse black spruce (Picea mariana) forests occur in protected places

in the southern part of the study area. The northern part of the study area is dominated by

diabase dykes (Stockwell et al. 1981) providing numerous nesting ledges.

Occupied peregrine territories were counted during helicopter surveys for Gyrfalcons (F.

rusticolus) in early or mid-July, near the time of hatch for peregrines. The surveys were

conducted by different observers and pilots. Because peregrines use traditional nest sites,

cumulative catalogues ofnest sites were collected, and all peregrine nesting locations occupied

in previous years were checked. Scrapes made by tundra peregrines are difficult to locate

because they are rarely in the same spot from one year to the next and are not commonly
marked by “white-wash” or lichen growth. Peregrines were included in the analysis when
eggs, nestlings, or adults incubating nests were seen or when individuals or pairs exhibited

nest defense in the vicinity of previously known or suitable nest sites.

The number of occupied peregrine territories at Hope Bay and Coppermine increased

significantly between 1982 and 1991 (Table 1). The growth rates appear to be exponential

with doubling times of 6-7 years for the Hope Bay population and 5-6 years for the Cop-
permine population. It is possible that peregrines were missed in the early years of the study

and that the apparent breeding population size increased because of the greater survey
efficiency provided by experience and the growing inventory of nest sites. A test of the

hypothesis can be made by comparing survey results for peregrines and Gyrfalcons. Gyr-
falcons have different nest-site requirements but are similar in having traditional nest sites.

Accordingly, we have compiled a cumulative site inventory for them similar to that of
peregrines. We reason that if the increase in number of territories observed were solely a

function of greater survey efficiency, Gyrfalcons and peregrines should both exhibit yearly
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Table 1

Number of Occupied Peregrine Falcon Territories in July at Hope Bay and
Coppermine between 1982 and 1991

Year Hope Bay Coppermine

1982 17

1983 17 25

1984 28 28

1985 17 29

1986 24 18

1987 29 39

1988 25 35

1989 37 58

1990 34 61

1991 51 52

increases in number of breeding pairs observed. However, linear regressions of number of

occupied Gyrfalcon nest sites for 9-10 years show slopes not significantly different from 0

(Hope Bay t
= 0.525, P = 0.614, df = 8; Coppermine t

= 0.067, P = 0.948, df = 7) suggesting

both that number of breeding Gyrfalcons is not changing and that the observed increase in

occupied peregrine territories is not a result of greater familiarity with the study area. This

conclusion is bolstered by the observation that many new peregrine nests were found on

cliffs thoroughly searched in previous years.
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Male-male nesting behavior in Hooded Warblers.— Intrasexual pairing by males has not

been reported in natural populations of monogamous birds. Here I report a case of a male

Hooded Warbler ( Wilsonia citrina) that paired with color-banded males in two successive

years and exhibited female behavior at the nest.

On 10 May 1988 at the Smithsonian Environmental Research Center, 12 km SSW of

Annapolis, Maryland (38°53'N, 76°33'W), I saw an unbanded Hooded Warbler with male

plumage land on a nest. It carried dead grass fibers in its bill and added them to the nest.

It then sat on the nest, raised up, switched positions and sat again. This was repeated several

times as it shaped the nest cup. The nest was within the territory of a banded male (X)

which had engaged in territorial singing in the same area the previous summer.

With the exception of Prothonotary Warblers {Protonotaria citrea), nest building by male

wood-warblers is infrequent, and males do not contribute to incubation or brooding (Ken-

deigh 1952, Morse 1989). Vemer and Willson (1969) report two literature citations of male

Hooded Warblers building nests and three records of their incubating. Hooded Warblers,
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however, are unusual in that females exhibit delayed plumage maturation. The plumage of

juvenile females contains virtually no black, whereas the extent of black on adult females

is highly variable and can approach that of males (Morton 1989). Therefore, observations

of melanistic females could be erroneously ascribed to males (Morse 1989). Because this

bird was building a nest in the center of another male’s territory, I believed the bird to be

a female with very male-like plumage. The bird’s sex, however, was later verified to be male

(see below).

On 17 May, an unbanded male (presumably the same) was sitting on the nest, apparently

incubating. Due to the density and size of the rose patch containing the nest, its contents

were not observed. During the next ten days the unbanded male was seen repeatedly on the

nest, occasionally leaving to feed for 5-15 min and returning to sit for another 20-25 min.

No female was ever seen in the territory. Male X typically sang nearby while the unbanded

male sat on the nest; no aggression was observed between them. X was never seen incubating.

Early on 29 May, male X landed on the nest, fed the incubating male, and returned to

foraging nearby. On 3 1 May, X flew to the nest with a cranefly (Tipulidae) and fed nestlings

heard chirping. The origin of the nest contents is unknown. Hooded Warbler chicks may
have been present due to intraspecific brood parasitism by a neighboring female. Because

Brown-headed Cowbirds {Molothrus ater) may lay eggs in empty nests (Sealy 1992), it is

possible that the young were cowbirds. On 3 June, I saw both adults fly to the nest carrying

craneflies. Later that day I netted and banded the unbanded male (Y) as it returned to the

nest with food. It did not have a developed cloacal protuberance or brood patch. Males

banded at the study site have longer unflattened wing chords (x ± SD = 66.1 ± 1.6 mm,
N = 44) than females (62.6 ± 1.4, N = 22) and are heavier (10.9 ± 0.7 g, N = 41) than

females (10.4 ± 0.8, N = 17). The wing chord (67 cm) and weight (12.3 g) ofY were within

the size range of a large male. Its plumage was completely male-like: it had a complete black

hood, including the chin. When male X was recaptured four days later, he had a well

developed cloacal protuberance. By 5 June the nest had been depredated. Male X remained

on his territory the rest of the summer; however, Y was not seen in X’s territory again in

1988. On 7 June, Y was seen foraging in the territory of another male (Z), 500 m from the

nest site described above.

In 1989 male X returned to the same territory and mated with a female with a moderate

amount of black on her head (class “2,” sensu Lynch et al. 1985). On 10 June 1989, I

recaptured Y in a territory adjacent to that of X. He had a slightly developed cloacal

protuberance. It is unlikely that he had been singing in the area because it was censused 3-

4 times per week and he had not been detected. On 6 July, I saw Y sitting on a nest in the

territory of male Z (the territory where he was seen after the nest failure the previous year).

Male Z had held this territory since at least 1987 and consistently sang and defended the

territory through 1991. The nest Y sat on contained one large Brown-headed Cowbird

nestling, a small Hooded Warbler nestling, and one Hooded Warbler egg. Male Z returned

with food, Y took part of it, and they both fed the young. During the next four days Y
regularly was seen incubating/brooding, whereas most food was delivered by Z. Once I

observed Z feed Y but not the chicks. In daily censuses, I never saw a female in the territory.

On 10 July, the nest was depredated. Y was not seen in this territory for the rest of the year.

Y returned again in 1990. On 23 May 1990, I saw him in the territory of his 1988 mate

(X), who also returned and mated with a non-melanistic female. Y flew to within 15 m of

his 1988 nest location. This time, however, he sang a few times. Y had never previously

been heard singing. His song was abnormal, as it was abbreviated and had an unusual syntax.

When I recaptured Y in a territory adjacent to that of X on 13 June, he had a well-developed

cloacal protuberance. A laparotomy on 3 July revealed a cream-colored testis in breeding

condition on the left side. The bird was collected two weeks later by which time the testes
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had regressed somewhat. Both testes were light cream color and appeared normal. The right

was approximately 3x2 mm, the left was 3.5 x 2.5 mm. Examination of histological cross

sections of the testes revealed normal spermatocytes (R. Montali, pers. comm.). No ovarian

tissue was present. In all aspects of its anatomy, the bird was a male.

Contradictory to Y’s status as a male, all his behavior observed during 1988 and 1989

was categorically female; e.g., nest building, incubating and brooding young, but not singing

or engaging in territorial defense. The cause of Y’s female behavior remains unknown.

Although the behavior of male Y was atypical, both of his “mates” exhibited normal male

behavior: singing, feeding mates on the nest, and not incubating or brooding (Morse 1989).

Because of their behavior and because a female was never seen at the nests, it is clear that

while tending to eggs laid by an unknown female, these males were functioning similar to

normal heterosexual pairs, with male Y demonstrating typically female behavior.

The reason males that were previously or subsequently members of typical heterosexual

pairs mated with male Y may be related to the variability of female plumage. Because female

plumage in Hooded Warblers can approach that of males, sexual recognition may be based

on behavioral cues when the plumage and behavior appear contradictory. Collias and Jahn

(1959), Dilger (1960), and Burley (1981) all emphasized importance of behavior to sexual

recognition in monomorphic species. Therefore, if melanistic adult females are acceptable

to males, then a male exhibiting typically female behavior might be chosen as a mate by

an otherwise heterosexual male.
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Olive-sided Flycatchers in southeastern Brazil.—The Olive-sided Flycatcher (Contopus

borealis) winters principally in the highlands of Central America and the Andes, with oc-

casional birds in the lowlands to Amazonian Brazil (A.O.U. Checklist of North American

Birds, 6th edition, 1983, plus observations of Willis and Stotz near Manaus and of Stotz,

10 Oct. 1987, at Colonia Apiau, Roraima, 2°39'N, 61°12'W). On 27 Nov. 1983, Snow saw

an Olive-sided Flycatcher at the Boraceia Biological Station (23°38'S, 45°5 1 'W) of the Univ.

Sao Paulo, at 850 m elevation in the Serra do Mar of Sao Paulo State, southeastern- Brazil.

On 10 Nov. 1987, Stotz encountered possibly the same bird at the station, and on 5 Jan.

1991 he found a bird about 4 km away. Willis encountered a bird at a forest overlook at

800 m (24°17'S, 48°26'W) near Intervales, in cloud forests of the similar coastal range of

the Serra do Paranapiacaba, on 14 Feb. and 3-4 March 1987. Parker found two separate

birds at 1200 and 1400 m in Itatiaia National Park, Serra da Mantiqueira, in neighboring

Rio de Janeiro State (30 Nov.-2 Dec. 1986 and 30 Nov., respectively). Willis and students

encountered another bird atop a small eucalyptus line in a forested valley just east of the

Serra do Mar on 16 March 1990 (Ubatuba Agricultural Experiment Station, 100 m, 23°25'S,

45°08'W). On 18 March, yet another was located in the next valley, 5 km northeast, atop

cecropias of a cocoa plantation with forest canopy (Fazenda Capricomio, 100 m, 23°23'S,

45°05'W). Like the other birds encountered, these called “pip pip pip” frequently and sallied

conspicuously from the tops of exposed branches at forest edges or over mountain escarp-

ments.

Sao Paulo and Rio de Janeiro have been well studied omithologically since the early

1 900s. Collectors such as von Ihering, the Garbes, the Limas, Pinto, Sick, A. Olalla, and E.

Dente have worked in the region. While the reclusive Veery {Catharus fuscescens) winters

regularly in small numbers but had not been recorded until Willis and Y. Oniki found it in

1982, one wonders if a reasonably conspicuous bird like C. borealis could have been over-

looked. Perhaps a wintering population has developed recently. Ifso, deforestation in central-

western Brazil may have provided the forest clearings the species favors, allowing it to spread

eastward. Parker saw one on 30 Oct. 1989 near Alta Floresta, northern Mato Grosso. With

further deforestation, the species may disappear once again because of lack of winter habitat,

as Marshall (Condor 90:359-382, 1988) has suggested for Californian individuals wintering

in excessively deforested Central America. Alternatively, recent spread of Africanized hon-

eybees {Apis mellifera) around the Amazon may have helped it move to southeastern Brazil,

as it is reported to eat them (Beal, U.S. Dept. Agr. Surv. Bull. 47, 1912).

It may be, however, that low numbers of this and other northern migrants have always

wintered in southeastern Brazil but were overlooked until observations increased recently.

Other species recently found in southeastern Brazil include a Swainson's Thrush (C ustu-

latus) Dente collected 1 Feb. 1974 near Boraceia (MZUSP collection, identified as the

subspecies C u. swainsoni by Stotz), Blackburnian Warbler {Dendroica fusca\ Parker et al..

Am. Birds 31:21^, 1 983), and Cerulean Warbler {D. cerulea\ D. A. Scott and M. deL. Brooke.

The endangered avifauna of southeastern Brazil: a report on the BOU/WWF expeditions
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of 1980/81 and 1981/82; pp. 115-139 in “Conservation of Tropical Forest Birds” [A. W.

Diamond and T. E. Lovejoy, eds.l, 1985). Stotz saw a female Cerulean Warbler at Boraceia

on 5 Jan. 1991.

If small numbers of these northern migrants winter regularly in the southeastern uplands,

similarities of Andean and southeastern avifaunas are strengthened and concern about

populations ofwintering landbirds must extend farther southeastward than generally thought.
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Nectar feeding by European Starlings.— The European Starling (Sturnus vulgaris) is highly

adaptable in its feeding techniques and its diet embraces a wide spectrum of food types

(Feare, The Starling, Oxford Univ., 1984). Several members of the starling family include

nectar in their diets, and the crests of some members of the genus Acridotheres may have

evolved in association with nectar feeding as pollination structures. The tongue of the

Brahminy Starling {S. pagodarum) has a brush tip, which Beecher (Bull. Chicago Acad. Sci.

1 1 :269-298, 1978) considered to be an adaptation for harvesting nectar. The Spotless Starling

(5”. unicolor), which is morphologically and behaviorally similar to the European Starling,

has been recorded taking nectar from Agave flowers (Cortes, Alectoris 4:26-29, 1982), and

it is therefore surprising that this habit does not seem to have been previously recorded in

S. vulgaris. In early March 1992, European Starlings were frequently seen feeding in trees

in the Newport Beach area of California. In Eucalyptus spp. flocks of up to 50 birds fed

along with House Finches {Carpodacus mexicanus) among the flowers, but consumption of

nectar could not be confirmed by direct observation. However, flocks of starlings were also

seen in flowering Erythrina trees. In the large flowers of these trees, the birds were clearly

drinking, dipping the bill deep into the corolla and then throwing the head back and swal-

lowing. This behavior was seen each day from 2-6 March in trees planted around the Hyatt

Newporter Hotel in Newport Beach and was also seen elsewhere in the city. Nectar feeding

by European Starlings may thus be regular where Erythrina has been introduced.

Christopher J. Feare, Central Science Laboratory (Ministry ofAgriculture, Eisheries and

Eood), Langley Place, Worplesdon, Surrey GU3 3LQ, England. Received 26 June 1992,
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ORNITHOLOGICAL LITERATURE

Life Histories of North American Woodpeckers. By A. C. Beni, illus. by William

Zimmerman. Indiana Univ. Press, Bloomington and Indianapolis, Indiana, 1992: xiv +
262 pp., 25 color plates. $29.95.— Arthur Cleveland Bent (1866-1954) needs no introduction

to those of us in the lower regions of the life table, but younger ornithologists may not be

aware of his name or of the major contribution made by him in his 26-volume series “Life

Histories of North American Birds” (1919-1968). Bent began this series at the request of

the Smithsonian Institution. It was thought that he would continue the work began by

Charles Bendire, but Bent started the survey anew, and his volumes include all of the birds

known to have occurred (at least with any regularity) in North America in his time.

The present volume is a re-issue of Bent’s volume on woodpeckers (U.S. National Museum
Bulletin 174) first printed in 1939. The text remains unchanged, but modern common and

scientific names have been added as have been small distribution maps. However, the real

attraction in this book are the color plates by Zimmerman. These illustrations are attractive,

lifelike, and accurate. I was impressed by the detail of the vegetation in each plate. The
color frontispiece in this issue of The W'ilson Bulletin represents one beautiful example, but

all of Zimmerman’s plates are of this quality.

Zimmerman says in the foreward “It is my hope . . . that new colored plates will make
it possible for a whole new audience to discover this material and develop an appreciation

for the writings of Arthur Cleveland Bent.” I can only add my support to that thought and

to encourage Zimmerman and Indiana University Press to re-issue more volumes of Bent’s

work in a similar format. — C. R. Blem.

Sperm Competition in Birds: Evolutionary Causes and Consequences. By T. R.

Birkhead and A. P. Moller, illus. by D. Quinn. Academic Press, San Diego, California, 1992:

282 pp. $39.95 (paperbound).— Female birds multiply mate and, as a result, sperm com-

petition occurs. Multiple mating and sperm competition have a cascade of effects on the

morphology and behavior of females and males, and these consequences are the stuff of the

book, “Sperm Competition.” This book is a benchmark that signals for me that the old

order has passed away at last and that avian behavioral ecology has entered a new age.

Much of this advance has been stimulated by the ideas of the 1960s and the data of the

1980s that showed that genetic paternity (and maternity, for that matter) could not be

assumed on the basis of social associations. The twenty years since Trivers (1972) have

produced remarkable changes in what we know about social behavior, and “Sperm Com-
petition” reviews some ofthose data. It is a very exciting book for me because it demonstrates

how significantly our field has changed and where our field is going. And furthermore, despite

the title of this book, it only casually takes up the next exciting question, namely, why do

females multiply mate, i.e., the evolutionary causes ofsperm competition? So, for me “Sperm

Competition” heralds the generally optimistic feelings I have about all we have to do in

avian behavioral ecology for the 1990s.

Despite my general enthusiasm for “Sperm Competition,” its publication, which seems

just in time, also seems premature to me. By this 1 mean that some of the chapters contain

original syntheses of remarkably recent, and sometimes scanty (and therefore prematurely

interpreted) data and others reflect “same ole, same ole” interpretations of often repealed

data. And yet, the book is full of ideas that still will benefit from additional tests and therefore

is just in time to stimulate these tests. I enjoyed reading “Sperm Competition” immensely;

195
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my copy is liberally pockmarked with my marginalia. Many of the data that Birkhead and

Moller review are ones that I am very familiar with and I don’t necessarily share their

confidence in their interpretations of these data, so the book challenged me to think— that

is something I enjoy, so I give this book an “A” and consider it required reading for all

avian behavioral ecologists. I think it should be the book of choice for graduate seminars

in avian behavioral ecology for the next year or so, and I think it will stimulate critical and

original responses from its readers. From that perspective alone, it is worthwhile reading

and even though the cover price of the softbound edition is stiff, it’s still a deal.

There are 13 chapters in “Sperm Competition.” The very best of these is Chapter 3,

“Male and Female Reproductive Systems and the Fertile Period.” The information in this

chapter is novel; there are no other reviews of this literature that I am aware of and the

information here is fascinating. Much of the primary literature in this area is a result of

research by Birkhead, so it is no surprise that it is reviewed so well here. A brief ten years

ago, the vast majority ofwhat we know about sperm storage capacities in birds was unknown.

Since then, avian researchers have documented the existence of histological structures that

act as sperm storage organs in several species of birds. In fact, Birkhead and Moller say

“sperm storage tubules are known to occur in a number of species and may prove to be

ubiquitous among birds” (p. 52); their table on tubule length (p. 56) lists 1 1 species from

five families, and their table on sperm storage duration (p. 63) lists 17 species from six

families. This chapter also takes up such compelling questions as why intromittent organs

are so rare in birds. The answer relies heavily on the work of J. Briskie and R. Montgomerie

(unpublished MS), who concluded that the absence of intromittent organs is a result of

female choice and suggests that in birds females have control over success of forced copu-

lations. Chapter 4, “Sperm Precedence and Mechanisms of Sperm Competition” indicates

that last male sperm precedence is the rule for the birds tested so far. Chapters 5 and 6 are

about copulation behavior, within pairs and between non-paired individuals. Chapters 7,

8, and 9 discuss paternity guards; Chapters 10 and 1 1 are about the costs and benefits of

extra-pair copulation for males and females. Chapter 1 2 is about some of the ways to detect

extra-pair paternity, and Chapter 1 3 is about the evolutionary consequences of sperm com-
petition in birds. I could write pages of remarks about each of these pithy, exciting, and

stimulating chapters.

I was disappointed that the literature of the last twenty years, which is amazingly rich,

was spottily reviewed; both of the authors are incredibly productive and their work has been

exciting. Probably every worker in this area will be offended at the authors’ oversights. I

will caution my students and other readers that this book shouldn’t be considered a review

of the literature. Rather it is a review of the work of Birkhead and Moller. In some cases

they do present novel syntheses that they haven’t already published elsewhere, and it is

interesting to see the strands of their work pulled together in one place. But, it remains that

the most tiresome aspect of this book is the overly frequent use of self-citation.

My other criticisms pivot on the differences in interpretation and orientation that I think

less male-biased scientists will typically bring to issues in sperm competition. I think these

differences— between those whose focus includes more fully developed female perspectives

as well as male perspectives— will provide the debates of the 1990s. And, inasmuch as I

can claim male bias as a legitimate criticism— in real time, so to speak (rather than reflecting

back to say the androcentric bias of Victorian biologists), avian behavioral ecology has come
a very long way. In a recent letter, Anders Moller wrote me that he and Tim Birkhead had

tried to avoid androcentric bias in their interpretations and that they had tried to accom-
modate the perspective of females on questions in sperm competition. I believe them; I

think their failures here are not from lack of trying. On this score they have succeeded far

better than many who have attempted recent syntheses about the adaptive causes and
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consequences of mating behavior in birds. As far as they succeeded, they did so by constant

reference to multiple hypotheses, which is an excellent and laudable hallmark of “Sperm
Competition” in that most chapters include reference to multiple explanations. I was im-

pressed with their commitment to strong inference, but nevertheless frustrated by their

failures to get the female perspective quite fully enough. There are many examples 1 could

mention, I will discuss only a few. For example, they raise that very old, tired, and misleading

notion that female resistance to extra-pair copulation attempts “may either be genuine

resistance or a ploy to test male quality” and they then uncharacteristically shrink from a

serious examination of this idea by claiming that these two explanations for resistance to

copulations are difficult to distinguish, something that is hardly so. These researchers and

others muddled by this apparent difficulty might start with the assumption that “no” means
“no” in nonhuman animals too. Operational criteria for recognizing behavioral ploys are

easily and reliably defined, so easily that it makes me wonder why some persons have so

much trouble with these ideas! They do, however, make a point that I consider right or

almost right. Sperm competition is a behavioral alternative to mate guarding, something

that should be evolutionarily significant for females in that rather than having their behavior

coerced by competing males, males are less attentive to coercing female behavior and

compete among themselves through sperm competition. That is, while Birkhead and Moller

get the alternatives, they overlook the significance of sperm competition for females in terms

of the effects of male behavioral alternatives on females. So, in a way that I found frustrating,

sperm competition in the Birkhead and Moller formulations remains a matter among males

and males only. Yet, paradoxically, they also must be recognized as the first authors to claim

that mate-guarding is a behavioral alternative to unadulterated sperm competition. Another

place where what I would call androcentric bias was noticeable is in their rush to label

behaviors in functional terms without adequate testing of the implied functional hypothesis.

This happens— not just in this book but in our science— far too frequently for my taste. An
example is their claim that pair copulations that occur immediately after an extra-pair

copulation are “retaliatory.” The retaliatory label obscures many interesting questions about

these pair copulations that follow extra-pair copulations. For instance, if sperm competition

is advantageous for females as a way to decrease a less advantageous alternative, such as

coercive manipulation by males of her behavior, females may solicit and, though we cannot

evaluate it, even enjoy these pair copulations after extra-pair copulations. Birkhead and

Moller do note that female solicitation of even pair copulations may be behaviorally subtle

and difficult for human observers to notice; how much more difficult to observe if the notion

that females might be soliciting these copulations is obscured by naming them “retaliatory”!

I think that the task for avian behavioral ecology in the 1990s is the elimination of the

vestiges of male bias and the fleshing out of female perspectives in our hypothesis formation,

testing, and interpretation of results. I recommend that you read “Sperm Competition,”

and I hope you do in mixed gender groups with these goals in mind.— Patricia Adair

Gowaty.

The Black-capped Chickadee: Behavioral Ecology and Natural History. By Susan

M. Smith. Comstock Publishing of Cornell University Press, Ithaca and London, 1991: xi

+ 362 pp., numerous figs, and tables. $ 1 7.95 (paperback), $46.50 {c\o\\\). — Parus atricapillus

is one of North America’s most familiar, beloved, and widely distributed birds. It is a

permanent resident ranging from Alaska and northern Canada south through most of the

48 conterminous states, being replaced in the southeast by the similar Carolina Chickadee

{P. carolinensis). It is also one of our better-studied species, so that Susan Smith’s book

should be of wide interest to ornithologists and the general populace alike. Lest there be
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confusion, an earlier (and fine) monograph on the Carolina Chickadee was written by Susan

T. Smith, who appears to have published nothing else about chickadees. The present author,

Susan M. Smith, has for many years contributed prolifically to the technical literature on

chickadees. (The bibliography of this book lists references by no fewer than ten different

Smiths who are sole or senior authors, and I would have preferred text citations consistently

including their initials instead of just usually doing so.)

Everything you wanted to know about the Black-capped Chickadee but were afraid to ask

is here somewhere, for Susan M. has covered the enormous literature very competently.

There are the expected chapters on feeding, breeding (two chapters), and the non-breeding

season, with separate chapters on communication, winter survival, and population dynamics.

Following the opening chapter on general natural history, there is a most useful chapter on

study techniques: banding, ageing (spelled “aging”), sexing, and even Grubb’s interesting

use of feather bars to judge nutritional history (ptilochronology). The book is written in a

simple, direct style that I admire and is decorated with many of the author’s own sketches

of various species of tits. As evidenced by the frequency of citation, the success of this book

owes an enormous debt to two forerunners in particular: Eugene Odum’s (1941-1943) classic

series of papers on the Black-capped Chickadee and Christopher Perrins’ (1979) book “Brit-

ish Tits.” Where something is not known or understood fully in the Black-capped Chickadee,

Smith has attempted to fill the gap with information from congeners; where the data on P.

atricapillus do exist, she tries to tell us whether other tits are the same or different.

Fearing that senility is overtaking this usually crusty reviewer, I have searched hard for

things I did not like about this book and ended up mainly picking nits. First, there are

scientific notes. I am not convinced that all male Black-capped Chickadees help the female

to excavate the nest hole (p. 6). Ficken (1981) did not really say that the “fee-bee” vocalization

repels rivals (pp. 10, 61); she, in fact, cited Dixon, who was of the opinion that fee-bees

summon neighbors to the territorial boundary, where different vocalizations are actually

used in any ensuing dispute. Chickadees probably can indeed copulate any time of day (p.

105), but do so most consistently at dawn when the female leaves her night’s roost. I am
not convinced that females always or even usually lay before emerging from the night’s

roost (p. 1 17). Nilsson’s argument for why females disperse farther than males (p. 138) is

markedly weak, as the same phenomenon occurs in most birds, including many species in

which his reasoning could not apply. And so on. There are typos, of course— “Grill” for

Gill (p. 13), a missing parenthesis in “Odum 1941b)” (p. 130)— but these are remarkably

few. In the area of grammar, there seems to be a difficulty matching the number of subject

and verb, as in “animals is” (p. 33), “food . . . are” (p. 47), and “studies . . . has” (p. 1 19).

The text uses both “juvenile” and “juvenal” as the adjective, and I occasionally stumbled

on a choice of words: e.g., terming the correlation of hatching date and food abundance

“spurious” (p. 102), where “indirect” or “inconsequential” might be more accurate, as

correlation per se never implies causality. And, I understand the author’s pride in her

photography, but the contrast between many of her offerings with the marvelous photos by

the likes of Arthur Allen, David Allen, and Alan Cruickshank is striking; the out-of-focus

chickadee opening a seed (p. 47) is an extreme case in point. But these are all trivial

complaints. To a devoted chickadee watcher this book rings true, right down to the odd-

ball exceptions such as Smith’s male that sang “fee-dee” (“dee” of the chick-a-dee call)

instead of “fee-bee”—we have had such a male on our study tract for the last two years.

Is it simply that a chickadee is a passerine is a bird, or are there also larger issues to be

extracted from this monographic treatment? Susan Smith pounds on the theme ofdominance

as the organizing principle of chickadee life. Sometimes the concept itself seems slippery,

as when the male’s passing food for the nestlings to the female is supposed to show his

dominance (p. 104). In a series of papers, well integrated with additional material in this
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book, Smith has argued that dominance relations explain all sorts ofthings, from composition
of the winter flock and mortality schedules to mate choice and divorce. Her views have not

gone unchallenged in the literature, so one might expect to see here in the summing up an

undue amount of overstatement and special pleading. In fact. Smith is extremely even-

handed, fairly and completely crediting all views, and repeatedly making the important point

that differences in local habitat, in geographic location, and even among closely related

species may be responsible for apparent conflicts of data. Indeed, one of the things I truly

admire in this book is unabashed praise for the work of others, as in terming the work of

Janine Clemmons a “superb field study’’ (p. 78).

One of the positive effects ofany good review is to point up, both implicitly and explicitly,

where our knowledge is lacking and our understanding shallow. A good example of impli-

cation is the chapter on communication (pp. 55-89). The Black-capped chickadee has more
than a dozen vocalizations, including the exceedingly complicated chick-a-dee call and gargle

complexes, yet there are only a few we understand with any certainty. For example, the

incessant “broken dee’’ of the female cannot be simply a “demand’’ to be fed by the mate,

or (more vaguely) a signal that “cements the pair bond’’ (p. 74). (I have my own views,

which I will save for a technical paper.) And almost nothing very definite is understood

about the very rapid display postures in this species. I take all this as good news, for if

communication were truly understood in the Black-capped Chickadee, I would have to find

some other research topic to keep me off the streets and out of trouble.

In an unusual final chapter. Smith makes explicit some of the things she believes are

unsolved problems in the Black-capped Chickadee, in some cases offering her own hypoth-

eses. As this discussion makes for such good fun at the end, I will not spoil it here by

announcing (so to speak) that the butler did it, but will mention one issue. No one knows

how one chickadee tells the sex of another, and Smith suggests (pp. 319-320) that there

might be differences in plumage in the ultraviolet. Actually, Robert Bleiweiss, working in

my laboratory, explicitly tested this hypothesis a couple of years ago. Not only could he

find no hidden “ultraviolet patterns, analogous to the ultraviolet guidelines in flowers’’ as

suggested by Smith, but could not even find differences in the degree of UV reflectivity in

visible patterns.

There can be no argument with the author’s parting words: “Research on chickadee biology

is virtually endless, and is to a large extent limited only by a researcher’s imagination’’ (in

asking good questions, of course, not in creating data). I hope this book will help to restore

an increasing imbalance in research species fired by the enthusiasm for biological travel and

resulting in a lot ofdubious general proposals based on inadequate data from furtive esoteric

birds. There are theoretically important issues to study in our own back yards, where results

can be replicated independently by others, and the Black-capped Chickadee provides a prime

example. Thank you, Susan M. Smith, for giving us a scientifically sound, eminently readable

treatise.—Jack P. Hailman.

The Birds of South Dakota. 2nd edition. By The South Dakota Ornithologists' Union.

Northern State Univ. Press, Aberdeen, South Dakota, 1991: xxxiii + 411 pp., 31 halftones,

487 maps, $29.95. — This latest book on South Dakota birds is an annotated check-list

covering all of the birds of the state. It is written in an abbreviated style with only the

pertinent data listed. Each account begins with the status of the species, followed by sub-

headings (as needed) giving habitat description, spring migration, nesting, fall migration,

and winter status. Hypothetical species are listed in the main text and enclosed in brackets.

The earliest and latest migration and nest dates are given. The Missouri River is used as

the boundary between eastern and western birds. The maps were rather crudely made by
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map generating software and are just an outline of the state with major river systems drawn

in along with the Black Hills and Coteau des Prairies. Five symbols are used on the maps

to denote different types of records. Some maps contain no symbols, with only shading

showing where the species occurs in the state. Those species, for which banding recoveries

were made outside of South Dakota, have maps showing the banding area and where

recovered. The book is illustrated throughout with delightful black-and-white drawings by

E. W. Steffens.

The book is fairly easy to use but some things are frustrating. Abbreviations are used in

the text (such as NM or SD) but are not listed in the common abbreviations at the beginning.

The use of counties in one line but using a city in the next makes the reader go to an atlas

of South Dakota to find the locality. In one case the locality was listed with no county and

on the next page it was listed again but this time with the county. Ifyou use this book much,

don’t expect the binding to last long.

If you are going to work with birds in South Dakota, this book is a must.—Max C.

Thompson.

Colorado Birds. By Robert Andrews and Robert Righter, illustrated by Don Radovich.

Denver Museum of Natural History, Denver, Colorado, 1992: xxxviii -I- 442 pp., maps for

each species, $24.95.— This is a soft-bound catalogue of the current status and distribution

of the birds of Colorado. The abundance and habitat are given for each species and specimen

records are documented for less common birds. Maps are provided that indicate relative

abundance and distribution for all species by region and in breeding, winter, and migration

seasons. Graphs indicate abundance of each species by elevation. Additional notes are

provided regarding species of special concern or those species showing rapid changes in

status. This is a useful book for persons looking for birds in Colorado, and it is much more
than an annotated list. For example, the authors give specific attention to all subspecies that

are known to occur in the state, and the literature review is extensive. The latter will be

helpful to birders wishing to learn more about the ecology and identification of individual

species. On the other hand, it is not a substitute for a comprehensive book on Colorado

birds, as it does not address nesting data, breeding records, or details of natural history.

The book is attractive, cleanly produced, and relatively free of typographical errors. For

some reason large blank areas are sometimes left at the bottom of species accounts. In other

instances the next account fills these voids. More efficient spacing by the printer could have

saved a few pages, but this is a minor point.— C. R. Blem.

Birds of the Strait of Gibraltar. By Clive Finlayson. T. & A. D. Poyser Ltd., London,
United Kingdom, 1992: xxvi + 534 pp., 34 black-and-white photographs, 282 figures, 40
tables, and 23 line drawings by Ian Willis, $52.50.— Only 14 km wide at its narrowest, the

Strait of Gibraltar is the shortest crossing of the Mediterranean Sea for birds migrating

between Europe and Africa. Consequently, many land and other birds annually migrate

through the region, defined in this book as encompassing the adjacent Iberian and Moroccan
mainlands. In addition, many birds use the strait as a passageway between the Mediterranean

and the Atlantic Ocean. Also, the region’s varied and extensive natural habitats, generally

favorable climate, and strategic location attract many breeding (or resident) and wintering

birds. Consequently, the avifauna of this area is one of Europe’s richest, with 400 species

so far recorded— of which 184 are known or suspected of breeding.

In treating this avifauna, the author’s aim is first to describe the strait region as an
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environment for birds, then to detail avian usage there, and finally to place these findings

into a broad and dynamic framework that includes time, space, and change. As the basis

for this perspective, the author provides a wealth of information on the strait’s habitats,

birdlife, and related subjects. Not surprisingly, bird migration is a major focus of the book,

including 300 pages (53.6% of the total) devoted to 358 such species. Migrants are grouped
into four categories, i.e., soaring birds (two storks and 32 species of falconiforms), other

land birds (21 non-passerines and 129 passerines), waterbirds (125 migrant and wintering

species), and seabirds (49 species). Of these, 124 species are treated in detail that includes

information on breeding-ground origins, winter destinations, and timing of passage. Breeding

and wintering species are also treated in detail in the book, although their treatments tend

to be more abbreviated and generalized than those of migrants.

As might be expected with its scope of coverage, not all aspects of this book are done
equally well. One notable deficiency is in describing the region’s vegetative communities,

which range from coastal wetlands to montane woodlands of oak (Quercus), pine (Pinus),

and fir {Abies). As a rule, these descriptions are not sufficiently detailed to convey much
more than a general impression of the communities, even in terms of their dominant plants

and vegetative structure. Consequently, I could not readily distinguish the “garigue” type

of shrubland (matorral) from “maquis” or among the various types of oak and pine wood-
lands. Helpful in this regard would have been more complete listings of plants (with both

vernacular and scientific names), plus more extensive vegetation maps and a consistent

definition of terms (e.g., what is “pinsapo”?). For the book as a whole, a good, large-scale

map of Europe and Africa (with referenced localities) would also have been a useful addi-

tion— especially as compared to the generally diagrammatic ones now included.

In terms of European-African bird migration in general, I believe the author could have

provided a more coherent overview of current thinking on the subject— which might have

helped readers make more sense out of the mass of details presented. In particular, such an

overview might have provided a useful backdrop for the book’s discussions of such com-

plicated issues as the Mediterranean and Sahara as obstacles to migration and whether

passage across them is on a broad or narrow front. As for migration in the strait region

itself, the author might have emphasized that his documentation for this remains limited

(e.g., in terms of years and/or areas of coverage)—even for many of the species that he treats

in detail. This might have helped explain the book’s general lack of statistical analyses,

although non-parametric approaches would certainly have been appropriate in some cases

(e.g., some of the soaring birds).

I detected few typographical errors in this book, although I did notice such misspellings

as mattoral, Simlax, and Phaeton. Overall, I find the writing to be wordy in places, which

could have been helped by tighter editing. In addition, a pet peeve of mine concerns the

use of accents on Spanish words, which is approached as inconsistently in this book as it is

in many other English-language publications. My view is that if these accents are going to

be used, sufficient editorial resources should be invested to attain consistency— which is

clearly not true in this book as regards such words as Cadiz, Cbrdova, Guadalmesi, Jerez,

Lopez, Martinez, Ojen, and Omitolbgico (such editing would also have caught the incon-

sistent use of “pinar” versus “pinar”). If accents (and tildes) are not going to be used

consistently, then anglicize everything and use none at all. Finally, in my copy of the book,

the last page is glued to the back cover— thus eliminating this portion of the index.

In summary, although this book has certain flaws, these are clearly offset by the obvious

strengths— which center on the presentation of a mass of information on the avifauna of

the Strait of Gibraltar region in a broad and dynamic framework. As a consequence, the

author has produced what should become an essential reference not only for the strait region,

but on the subject of European-African bird migration as well.—John P. Hubbard.
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Masterpieces of Bird Art: 700 Years of Ornithological Illustration. By Roger F.

Pasquier and John Farrand, Jr. Abbeville Press, New York, New York, 1991:261 pp., many

color, halftone, and black-and-white illustrations, $85.

The Art of Bird Illustration: A Visual Tribute to the Lives and Achievements of

THE Classic Bird Illustrators. By Maureen Lambourne. Collins, London, 1991: 192 pp.,

many illustrations, mostly color, $19.95.—The expression “coffee table book” is commonly

used with a somewhat pejorative import, as indicating a large, lavishly illustrated tome of

little scholarly worth, published just in time for Christmas. Both of the books covered here

(abbreviated MBA and ABI hereafter), especially MBA, are certainly heavy enough to

preclude reading them in bed—MBA weighs 5% lb (2.6 kg) and ABI 3‘/4 lb (ca 1.5 kg), and

lavishly illustrated they are. The texts of both, however, are eminently scholarly, yet remain

pleasantly readable. The backgrounds of the authors differ. Pasquier and Farrand, although

having a strong interest in the history of their field, are ornithologists with numerous bird

books to their credit. Lambourne, although the great-great-granddaughter of the prolific

ornithologist, bird painter, and entrepreneur John Gould, has an education primarily in the

field of fine art. This difference in background shows clearly in the annotations to the

illustrations in the two books. Both identify the bird portrayed, with English and scientific

names, and give the artist, the work, and the date. Lambourne sometimes includes a short

sentence about the illustrated species, whereas Pasquier and Farrand occasionally comment
on the artist’s rendition, but usually take up most of a sometimes lengthy paragraph in a

discussion of the habits, range, etc., of the pictured bird. I found this choice of subject matter

in the captions a bit annoying, as MBA is not supposed to be a book about birds but about

bird art. We can read about the birds elsewhere— it is a commentary on the artist’s portrayal

of the bird that would be most appropriate.

Lambourne wrote her own introductory material, whereas MBA has the apparently man-
datory Foreword by Roger Tory Peterson (who also has six paintings reproduced in color,

two more than allotted to Louis Agassiz Fuertes). Peterson’s Foreword includes a statement

that I believe to be so ambiguous as to be meaningless—“What we call ‘art’ depends on

how well a bird is painted.” The art museums of the world are filled with masterpieces in

which birds, often anatomically inaccurate, form an integral part of the composition. Pe-

terson also states in what, in context, I take to be a somewhat pejorative vein, “Some artists

may use photographs as study material.” There are all too many artists who are too snobbish

or otherwise unwilling to avail themselves of photographic resources in order to verify the

accuracy of anatomy, proportions, and poses, and the birds in their paintings, not surpris-

ingly, reflect this.

Although in this review MBA will be discussed as if it were truly a joint effort, the Preface

indicates that Farrand wrote the Introduction and Chapter 1 and Pasquier wrote Chapters

2, 3, and 4. Oddly, neither in the table of contents nor on their first pages are the chapters

numbered!

Both books were printed in Hong Kong; the luxurious heavy red binding of MBA was
also manufactured in Hong Kong, but no specific statement about binding appears in ABI
(it is said to have been “designed and produced” in London and “manufactured” and
“printed” in Hong Kong). The heavy paper ofMBA is pure white, that of ABI a light cream
color. This difference may in part be responsible for the generally superior color reproduction

of MBA. There is (as might be expected) duplication in the selection of paintings. In some
instances the differences in color reproduction are minor, as in Thorbum’s magnificent
Temminck’s Tragopan {Tragopan temminckii), given near full-page treatment on p. 184 of
MBA and about 40% of page area on p. 177 of ABI. On the other hand, the well-known
tomb fresco of geese at Medum, Egypt, is reproduced entire, at a mere 21 x 3 cm on p. 17

ofMBA; in ABI only three ofthe six geese are reproduced, but in mirror image and stretching
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across pp. 12-13 at about 41 x 12 cm (thus showing details belter), and in colors considerably

different from those in the MBA reproduction.

Most of the colored illustrations in ABI have narrow contrasting margins. Some are simple

pink edgings, whereas others have the top and sides gray and the bottom white (contrasting

with the cream-colored paper), with the corners marked in such a way as to give the

appearance of a bevel-edged mat.

There are inevitably misidentificalions in books of this kind. In MBA, the tiny owl on p.

29 appears to be a Barn Owl {Tyto alba) rather than a Little Owl {Athene noctua). The lower

right-hand figure on p. 86, which the authors call an “elegantly painted” Dotterel {Charadrius

morinellus), although criticizing the artist (Jacques Barraband) for not giving it yellow legs,

is nothing like a Dotterel, but is in fact a quite identifiable portrayal of an Egyptian “Plover”

or Crocodile-Bird {Fluvianiis aegyptiiis), a member of the family Glareolidae. The raptor

on p. 174 is identified as a White Hawk {Leucopternis albicollis), but is actually the admittedly

closely related Mantled Hawk (L. polionota)\ the plate is from Sclater and Salvin’s “Exotic

Ornithology” ( 1 869), and had the authors read the accompanying text they would have seen

that the pictured bird came from eastern Brazil (Sao Paulo, Rio de Janeiro), where L. albicollis

does not occur. On p. 128, the Edward Lear painting is certainly not a Great Gray Owl
{Strix nebulosa) as labeled; it most nearly resembles a badly painted Barred Owl (S. varia).

I consulted Volume 1 of Gould’s “The Birds of Europe,” and learned that Gould himself

was confused. He had a correct plate and text for the Great Gray Owl, and also a correctly

labeled plate of the Barred Owl, the source of the reproduction in MBA. Gould’s text for

the Banned Owl indicates that he misunderstood the distributions of the two species of Strix,

he attributed to the Barred Owl a Holarctic range, of which the European portion is actually

that of the Great Gray Owl; most of his text on the Barred Owl was quoted from Audubon.

Mr. Pasquier informs me that in a second printing of MBA, all of these misidentificalions

(and some other errors) will be corrected. Future purchasers of the book should check to

see which printing they are getting.

Misidentificalions I noted in ABI were (1) the bird in the Byzantine mosaic on p. 19,

alleged to be an immature peacock, which I believe to be a member of the genus Gallus, as

it is clearly shown to have a reddish comb on the crown and reddish wattles on the throat;

(2) the galliform bird on p. 29, identified as a “partridge” (without scientific name), which

is much more likely a Eurasian Quail {Coturnix coturnix). The “duck” in the same drawing

is unquestionably a male Common Teal {Anas crecca). Lamboume lists the birds in a painting

of “poultry” by Melchior de Hondecoeter (Dutch, 1635-1695) on pp. 50-51 of ABI as

“peacock, cock, hen and chicks, chaffinch, and goldfinch.” Although the composition suggests

that Lamboume reproduced the entire painting, I found no chicks and no goldfinch. She

overlooked an obvious waxwing (her “goldfinch”?) and failed to mention ten waterfowl at

various distances from the viewer; that in the foreground is apparently a Eurasian Wigeon

{A nas penelope).

On p. 14 Lamboume writes “A [Roman] mosaic preserved in Cologne shows two green

parrots harnessed to a small cart loaded with agricultural implements”; if this is the same

Roman mosaic I saw in Cologne, the cart was not “loaded with agricultural implements”

but with condiments— Xhe birds were trained to walk around the banquet table to permit

the guests to choose the flavorings for their food.

The coverage ofABI essentially ends with the late 1 9lh Century. In a short closing chapter,

Lamboume selects Charles Frederick Tunniclifle (British, 1901-1979) to “stand for many”

20th Century' artists. It is all the more ironic, therefore, that Tunnicliffe is not even mentioned

by Pasquier and Farrand, an unaccountable omission.

The authors ofMBA tend to be diplomatic to the point ofoutright generosity. In identifying

the birds on medieval manuscripts and early woodcuts, for example, they never say how
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grotesquely badly some of these were portrayed, but give the artists ample credit for their

accomplishments: “It is remarkable that these medieval painters, whose names we will never

know, achieved such a lifelike quality.” This contrasts sharply with the petulant attitude of

Brunsdon Yapp in his “Birds in Medieval Manuscripts” (Schocken Books, New York, 1982),

a book that was not reviewed in The Wilson Bulletin. Writing of the wing ofa bird, identified

by Yapp as a Greenfinch {Carduelis chloris), in a 14th Century Psalter, he stated: “There is

one primary feather too many (a very common type of mistake, still often made by artists

and even by zoologists) . .
.” Of a bird in a missal dated ca 1350, Yapp wrote: “The great

tit at the top is reasonably correct in colouring, but the feet are unnatural and the upward

bent tail is impossible.” Many of Yapp’s identifications involve massive stretches of the

imagination, and when he is wrong, he is very wrong, as in his commentary on his Plate 44

about birds on a page from the early 15th Century “Hours of Etienne Chevalier.” Yapp

identifies one figure as “a rather poor peacock, with no crest and a tail that is difficult to

see and hardly connected to the body.” The “poor peacock” is in fact an excellent and easily

identifiable portrayal of a Great Bustard {Otis tarda)\ Lamboume’s discussion of birds in

medieval art is straightforward, often mentioning the religious associations ofcertain species;

she does, however, accept Yapp’s identifications uncritically. Pasquier and Farrand include

Yapp’s book in their list of “Selected References”; the list is not annotated, so let this be a

warning to the reader not to take Yapp’s conclusions at face value.

The choice of artists, particularly those of the 20th Century, to include in MBA must

have been difficult. In their Preface, the authors state that they selected “what we consider

the best and most important contributions to ornithological illustration.” The inclusion of

a brief account of, and reproduction of an atypically good painting by, Allan Brooks was

undoubtedly mandated by Brooks’s dominance of the North American field after the death

of Fuertes rather than by the accuracy of his portrayals. Mengel (Living Bird 18:57, 1980)

said of Brooks that he showed early promise but “foundered in trite, syrupy puerility under

the burdens of excessive illustrations.” Brooks insisted on trying to paint birds facing the

observer, and never succeeded in this most difficult of poses; one critic, whose identity I

have forgotten, said that all of these head-on birds of Brooks’s looked like tiny owls. An
American bird artist whose work was widely seen in the 1920s and 1930s and who might

have been mentioned if only because of his productivity was Rfobert] Bnace Horsfall, who
illustrated several books and dominated the pages of Nature Magazine', he also painted

some museum diorama backgrounds (as did Jaques and Sutton). In 1928 the American
Nature Association published a collection of Horsfall’s small paintings from Nature Mag-
azine under the title “Bird and Animal Paintings.” They are highly variable in quality; he

seemed to have been more comfortable with shorebirds and raptors than with small pas-

serines. I once read that Horsfall admitted that he had painted every North American wood
warbler at least four times, but he still couldn’t identify them in the field!

I started to compile a list of the living and recently deceased bird illustrators who might

well have been included in MBA, but realized that it would not only be impractical to list

them in this review but even more so to add them to MBA. I will admit that if I had my
druthers, I would prefer to have seen, say, the late Donald L. Malick included in place of

Fenwick Lansdowne, but the authors were just as entitled to their subjective judgments as

I am to mine. In general, I applaud both their choices and their analyses.

I found a handful of typographical errors in MBA (to be corrected in the next printing),

and none in ABI. On p. 29 of MBA the captions for the center and right-hand figures are

switched. The caption for a drawing of “various bills” by George Edwards on p. 65 ofMBA
states that the portrayed skimmer head “could have come from Africa or the New World,”

but clearly legible on Edwards’s plate is the statement that the skimmer came from “Car-

olina.”
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Lambourne includes a brief but instructive appendix on Print Collecting, dated April

1990. Although comments on prices will soon be obsolete (if they are not so already), much
of the other material in this chapter will be of interest to potential collectors.

Lambourne’s “Select Bibliography” contains 37 titles, and the “Selected References” of

Pasquier and Farrand 36 titles. Incredibly, only nine works are included in both lists. This

is partly accounted for by Lambourne’s omission of works dealing with any North American
artist except Audubon, whereas MBA lists works by or about Abbot, Catesby, Wilson,

Audubon, Grayson, Fuertes, Jaques, Brooks, and Sutton.

Much of the information, as well as reproductions of illustrations, in these two books can

be found elsewhere, of course, especially in works dealing with single artists (such as those

listed above) or particular periods (Hammond, “Twentieth-Century Wildlife Artists” 1986)

or artistic media (Jackson, “Wood Engravings of Birds” 1978). Nevertheless, either book
would make an excellent and well-informed introduction to the field of bird illustration;

taking into account the differences between the two mentioned in this review, I recommend
them highly.— Kenneth C. Parkes.

The Birds of the Philippines: An Annotated Check-List. By Edward C. Dickinson,

Robert S. Kennedy, and Kenneth C. Parkes. British Ornithologists’ Union Check-list no.

12. 1991: 507 pp., 14 maps, 11 tables, 1 fig., 7 color plates, appendices. £39.— For those

interested in Southeast Asian ornithology, the appearance of this volume is heartily welcome.

The collaboration of these three noted authorities on Philippine ornithology has resulted in

a reference unequalled by past works dealing with this complex and interesting region.

The principal section, the species accounts, is prefaced by introductory chapters on Phil-

ippine geography, climate, bird habitats, avian biogeography, geographic variation, breeding,

migration, conservation, and a history of ornithological exploration, all of which draw on

the individual author’s knowledge ofthe various topics. By their very nature the introductory

chapters are brief and present only an overview of these topics.

Parkes’ chapter on geographic variation and speciation could have provided greater detail

but is nonetheless the most up-to-date discussion of this interesting topic. The chapter on

vegetation and bird habitats is accompanied by color plates which add little to the discussion,

but likely add substantially to the cost, ofwhat I had hoped to be a readily available reference.

The chapter on geography is illustrated by several maps showing many historic collecting

localities. Kennedy’s chapter on bird conservation in the Philippines correctly attributes the

demise or threat to most Philippine endemics to the loss of forested habitats. This is

graphically illustrated by a plate showing the sparsity of forest cover in 1988. Dickinson’s

“An outline of the history of ornithological exploration in the Philippines” with its two

appendices, a gazetteer of localities and a list of collectors, is immensely useful and makes

this volume a necessity for workers in other disciplines concerned with terrestrial natural

history collections from the Philippines.

The systematic list contains 556 species accounts. Typically each gives scientific and

English common names, a comment on general distribution, number of races known from

the Philippines (monotypic species are noted), and a statement on relative abundance and

habitat preference. This is followed by a summary of almost everything known for the

Philippine occurrence including original citation, a summary of past distribution records

referenced to McGregor’s 1909-1910 classic, “A Manual of Philippine Birds,” subsequent

records, breeding records and seasonality, and a nomenclatural comment and explanatory

notes when required.

In general the taxa accounts are excellent. Often museum specimens are cited either to

confirm records or present previously unpublished documentation of occurrence. As with
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any such major undertaking some pertinent material in museum collections has been over-

looked. Sight and banding records are often included in taxa distributions, and while these

were critically appraised by the authors, they are still suspect. Perhaps of more concern,

sight records given by McGregor are not differentiated from material he collected or ex-

amined and articles “in prep.” are cited for some distribution records where museum

specimens exist and should have been noted instead.

Although the authors explain their use of terms used to reference typical material in the

species accounts, their use of the terms “type” and “syntype” are confusing. Often they

select a single specimen as “syntype” instead of giving all material in the syntype series,

giving the impression that one syntype has greater significance than the other(s).

“The Birds of the Philippines,” while at times giving the impression that our knowledge

of Philippine systematic ornithology is more well known than is really the case, will hopefully

stimulate a new era of research. It provides an excellent reference point for both museum

and field research to build on and I suspect that a large number of papers on the distribution,

breeding, and systematics of Philippine birds, will result from its publication.

The authors should be congratulated on having successfully brought to publication an

invaluable tool for the continuing study of the Philippine avifauna. It is truly a job well

done and I do not hesitate to recommend its purchase to anyone interested in not only

Philippine birds, but other aspects of Philippine biogeography and systematics.— Charles

A. Ross.

Ecology and Conservation of Neotropical Migrant Landbirds. Edited by John M.

Hagan, III and David W. Johnston. Smithsonian Institution Press, Washington, D.C. and

London, England, 1992; xiii + 609 pp. $48.00 (cloth), $17.95 (paper).

The Ecology and Conservation of Palaearctic-African Migrants. Edited by Hum-
phrey Q. P. Crick and Peter J. Jones. Blackwell Scientific Publishing, Oxford, England, 1992:

132 pp. (Ibis supplement). $11.00 (available from The Natural History Museum, Sub-

Department of Ornithology, Tring, Herts, HP23 6AP).—Much attention has been given

over the past decade to the decline of Neotropical migrants and the conservation measures

necessary to counteract it. The two volumes considered here bring us up to date with recent

research performed both in the Neotropics and in the Palearctic-African regions.

The first book contains 5 1 papers on various aspects ofthe decline in Neotropical migrants.

Topics range from counts of migratory landbirds in northern forests to abundance and

distribution of these same migrants at tropical sites. The editors have done a wonderful job

of maintaining consistency both in size and style of all papers. The authors include many
researchers most knowledgeable about our migrants and their presentations are mostly of

high quality. The volume I have (paper) is much like a catalogue in quality and appears to

be capable of holding together about as long as the papers will remain relevant. It is printed

and bound in an attractive style. The papers are divided among sections on trends in

populations, nonbreeding season, breeding season, and hemispheric perspectives. I believe

ornithologists of all interests will find something to like in this volume. I did not read the

book from cover to cover, but learned much by scanning the abstracts (also given in Spanish—
an insightful addition, given the large number of Hispanic colleagues involved in the book
and in continuing research), and from the papers I read in detail. I specifically call attention

to John Terborgh’s plenary address— the essay is well worth the attention ofanyone involved

in ecology in general, but is especially important for birders. I wish this paper was twice as

long. Let me encourage the participants in this symposium not to wait another decade for

the next such gathering. It is obvious from this book that conservation of Neotropical
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migrants is at a crucial point. Survival of many avian species may just depend upon how
rapidly we share information and organize to protect what is left.

The second publication, a supplement to The Ibis, is approximately the same size as an

issue ol that journal. It contains papers from a conference on migration between Europe/

Asia and Africa (mostly trans-Saharan migrants) organized by the British Ornithologists’

Union. Because of the smaller space available, this symposium includes a smaller range of

topics, and the coverage accordingly is spotty. For example, 1 counted only about 1
1
pages

devoted to conservation. My impression of the remaining papers is that, while they are

presented clearly and concisely, the content is rather fine-grained and tends to represent

reviews of recent research rather than new data sets. Nevertheless, the papers are well worth

the attention of students of migration.— C. R. Blem.

Voices of the Woodcreepers (Neotropical Family Dendrocolaptidae). By J. W.
Hardy, Theodore A. Parker, and Ben B. Coffey, Jr. ARA Records, P.O. Box 12347, Gaines-

ville, Florida 32604-0347. 1991: audio cassette and detailed brochure. $1 1.00.— This is the

latest contribution by Hardy and the Florida State Museum that features vocalizations of

a New World avian family. From a species representation, the dendrocolaptid compilation

is surprisingly comprehensive given the difficulty of establishing the songster’s identity in

this elusive group. The primary song of 45 of 49 currently recognized species is furnished

(the liner notes for the Dusky-billed Woodcreeper [Xiphorhynchus eytoni] are in error, as it

is the song, not the calls, that are provided), with another species represented by calls only.

There are, nonetheless, a few taxa that are under “split,” such as Sittasomus, where additional

vocalizations are needed to illustrate all the taxa that are involved. Moreover, the material

on this cassette is undoubtedly only a sampling of the total vocal repertoire for a number
of species.

Not unexpectedly, the quality of the recordings varies considerably. Recordings of a

number of species are truly superb, whereas those of Hoffman’s Woodcreeper {Dendroco-

laptes hoffrnannsi) and a few of the Lepidocolaptes await better acquisitions.

As with all the Hardy et al. tapes, the liner notes provide invaluable information on the

type of vocalization, date, locality, habitat, and often, where appropriate, comments on

taxomony. There are, however, a number of inconsistencies and errors in the details. For

example, there is no consistency in the range given for each species. These descriptions range

from giving the precise countries and habitat preferences for a species, to generalizations,

that state nothing more than “South America.” A few of the distributions are inaccurate,

with that of the Scimitar-billed Woodcreeper (Drymornis bridgesii) being the worst example.

This monotypic woodcreeper is not found from “Central America to northern Argentina,”

but is restricted to arid woodland of Paraguay, Uruguay and Argentina.

Identification of avian species in the “background” is also inconsistent. Some species are

identified that are relatively inconspicuous in the background, whereas others that are very

prominent are unmentioned, e.g., the Gray Antbird {Cercomacra cinerascens), is quite ap-

parent in the third cut of the Barred Woodcreeper {Dendwcolaptes certhia) recordings. This

antbird can also be heard in a few other woodcreeper cuts.

There are several “typos,” including the following: a “h” is left out of Glyphorhynchus,

and the reference to the conspccific under the Moustached Woodcreeper {Xiphocolaptes

falcirostris) should be “17,” not “18.” Surely the Greater Scythebill (Campylorhamphus

pucherani), #45, instead of the Red-billed Scythebill (C. trochllirostris), #46, was intended

to be included in the list of “extremely rare species,” as the latter species is fairly common
throughout much of its rather extensive range.
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I wish this tape had been available fifteen years ago, when I first ventured into the

neotropics, as it would have greatly facilitated the identification of this perplexing group.

The authors and contributors are to be commended for making the woodcreepers more

accessible to neotropical avian aficionados.—Mark B. Robbins.

The Magpies. By Tim Birkhead, illus. by David Quinn. T. & A. D. Poyser Ltd., London,

England, 1991: 270 pp., 1 color plate, 96 figs., 35 tables, 46 photographs and 24 line drawings.

$39.95.—The book deals with Black-billed {Pica pica) and Yellow-billed magpies (F. nut-

talli)\ the emphasis is on social behavior and breeding ecology. The 12 chapters can be

subdivided into social behavior of breeding and non-breeding birds, feeding ecology, pop-

ulation ecology, reproduction and nesting success and the interactions between magpies and

people. Since the late 1960s quite a number of studies in North America and Europe have

dealt with various aspects of magpie ecology and behavior, so that over the years we have

become much better informed about the biology of these much maligned birds. Birkhead

has used the results of his own studies and those of others to produce a comprehensive

summary of magpie ecology and behavior. The picture that emerges is one of very adaptable

species, with rich behavioral repertoires and complex social organizations.

An introductory chapter deals with distribution, morphometries, and molt and provides

an insight into the ways biologists study birds. The meat is to be found in chapters 2 to 11.

Chapter 2 deals with nest spacing and territorial behavior. Throughout Birkhead points out

differences between North American and European populations of Black-billed Magpies.

One of these is territory size, up to 6 ha in Europe and <1 ha in North America, probably

due to differences in the ecological setting of the various study areas. The chapter “Social

behaviour: breeding birds” provides among others, a good summary of mate guarding and

extra-pair copulations. Male magpies are clearly selfish but engage in extramarital activity

whenever possible. There is a whole chapter devoted to the social behavior of non-breeding

birds (mostly yearlings), an age class that is usually ignored in bird studies. Young magpies

in England move only on average 323 m from the natal nest in the first winter, only a little

beyond that in the second year, and build their own nest an average 425 m from the natal

nest. There is a detailed description of flocking behavior of non-breeding birds but nothing

about the flocking behavior of adults or how they integrate with the yearlings. Chapter 4

gives details on feeding methods, diet, and interspecific competition for food between mag-

pies and other corvids in Europe. The section on food hoarding and keeping hidden food

safe makes available interesting but unpublished material. Territorial birds make their caches

closer together and nearer to the food source than non-breeding birds, and the more exclusive

use a pair has of its territory, the closer together its caches are. About 75 pages are devoted

to reproduction (Chapters 7-10). I was surprised to see that the old problem ofhow to define

the incubation period is still with us. Based on the last egg it is 18 days (page 170) (which

is what I claimed for the Yellow-billed Magpie), based on the onset of incubation until the

last egg hatches it is 22 days (page 161) and based on the laying and hatching of the first

egg it is 24 days (page 161). Take your pick. A lot of factors help to reduce a clutch of about

six eggs to 1.81 fledglings per pair; starvation ofchicks figures prominently. Breeding success

is determined mainly by bird quality and, to a lesser degree, by habitat quality (food supply

and safety from predators). Interactions of magpies and farmers, game keepers, and towns-

people are treated in Chapter 11. With a reduction in the persecution of magpies by game

keepers, magpies have become more numerous and more tolerant of people, so that now
many nest in urban and suburban areas. Their supposed effect on urban songbird populations

(taking eggs and young) appears unfounded.

Birkhead has done a very good job in bringing together a large amount of information
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and presenting it in a way that makes the book useful and understandable to a broad audience.

A selling point to me are the wonderful line drawings by Quinn which depict mannerisms
and situations in daily magpie life. 1 noticed two imperfections. The tail of the righlhand

bird on page 42 appears to be screwed on wrong and if 1 had Quinn’s ability I would have

given the head of the male on page 214 more of a tilt to indicate his cooperation with and

obvious enjoyment of what is being done to him. It is a wonderful book.— Nicolaas A. M.
Verbeek.

The Little Green Bird, Ecology of the Willow Flycatcher. By Robert A. McCabe,
illus. by Steven A. Hovel. Rusty Rock Press, Madison, Wisconsin, 1991: xv + 171 pp., 47

numbered text tigs., 38 tables, 3 appendices. $35.00.— This book, as McCabe himself puts

it, is a “telling ... of the life and times of the Little Green Bird.’’ It is intended for an

informed, general audience, although there is much of value here for interested scientists,

as well. Virtually all aspects of the natural history ofWillow Flycatchers {Ernpidonax traillii)

are covered in 2 1 chapters, including separate chapters on taxonomy, migration, cowbirds,

food habits, and conservation, as well as the usual chapters dealing with nesting ecology.

The book reads well and the writing is straightforward. The importance of this bird in

cementing the bond between the author and Aldo Leopold lends the book a special flavor.

In the last chapter, for example, McCabe asks: “Now that it is ended, I wonder what A. L.

would have said?’’

McCabe’s pointed criticisms of ecological interpretations that go beyond the data and his

lack of enthusiasm for theory and modelling in ecology are apparent throughout. In the

Epilogue, for example, McCabe states that he is “not a card carrying member of the no

hypothesis, no theory, therefore no science cult.’’ And in the chapter on food habits, McCabe
is critical of another study’s “detailed mathematical manipulation of the data,’’ its small

sample size (15 territories visited an average of only 4 times each), and its test of a model

of optimal territorial behavior, to which McCabe parenthetically adds: “I don’t know what

that is.’’ I’m not sure I do either. Bob. But this example (without passing judgment on the

cited study or on McCabe’s response) simply underlines the fact that McCabe is an old-

school naturalist whose primary interest here was in presenting the results of a detailed

natural history study. McCabe’s view from the naturalist’s perspective is a refreshing one,

and his obvious delight and satisfaction from having had the opportunity to be involved

with subjects whose “intricate adaptation to their environments are a source of wonder’’

add a certain charm to the book.

Observations on Willow Flycatchers were carried out over a span of some 35 years, with

field data being collected in 12 of those years (1943-1948, 1960-1961, 1974-1975, and

1977-1978). Thus sample sizes for many aspects of Willow Flycatcher ecology arc impres-

sive. For example, clutch size was examined for 415 nests, cowbird parasitism was studied

at 537 nests, and the analysis of nesting success was based on 459 nests. McCabe draws

heavily on the literature, with some 375 citations, and he makes frequent comparisons with

his own work. General ecological theory and the author’s own, personal views on various

aspects of avian natural history and ecology are neatly woven throughout the text.

Among the more innovative experiments by McCabe is one in which first, colored yarn,

and then, knotted gray string was woven into experimentally depredated nests to demonstrate

the reuse of nesting material from the original nest in the construction of renests. Especially

interesting photographs include those such as the one (p. 65) of a nest constructed largely

of strips of white packing paper, and the one (p. 1 1 5) showing a dissected milk snake

{Lampropeltis triangulum) that had eaten a complete clutch ofWillow Flycatcher eggs. Some
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wonderfully descriptive narrative occurs throughout, as well, such as the description of an

incubating female which “fills the nest opening as snugly as the lid on a teapot.”

Editorial glitches and typos were relatively few, and generally, were not distracting— with

one exception. On p. 34, two paragraphs with several typos and run-on sentences are largely

repeated (without errors) on p. 35. Also, I detected errors in calculating percentages [e.g.,

p. 51 and Table NB3: (2014 - 737)/737 ^ 63%], in converting metric to English equivalents

(e.g.. Table NB3: 7.6 cm ’A inch) or other confusions in text where values did not agree

(e.g., p. 108: 26.5 ft. ^ “about half that ... of 175 ft.”).

There are instances where some might disagree with McCabe’s view. For example, his

assessment of the breeding range of Willow Flycatchers is too liberal, showing much of the

Southwest and the Plains states as occupied breeding range. Curiously, McCabe also believes

Willow and Alder flycatchers should be considered as one species. Although they are similar

in plumage and morphology, their songs and call notes are distinct and, to my knowledge,

there have been no records of interbreeding.

In three of 1 2 years, McCabe found three-egg clutches more frequent than four-egg clutches,

and he attributes differences in clutch size to age of the laying female. But a statistically

significant test of the differences in clutch size between first and second clutches suggests

that it is clutch sequence and not age of the female that is the primary factor influencing

variability in clutch size. Perhaps more second clutches were found in those years where

three eggs were more common than in the other years?

Despite the above criticisms, I very much enjoyed the book and recommend it to anyone

interested in natural history and the ecological story of the Willow Flycatcher. McCabe
states that he will be satisfied if those who read his book gain “an appreciation of the

relationship ofan animal to it environment” and if his efforts result in “problem recognition,

hypotheses to be tested . . . and challenge.” I believe McCabe can be satisfied.— James A.

Sedgwick.

A Stillness in the Pines: The Ecology of the Red-cockaded Woodpecker. By Robert
W. McFarlane. W. W. Norton & Co., New York, New York, 1992: 270 pp., 13 illustrations,

16 graphs and tables. $22.95.—The Red-cockaded Woodpecker {Picoides borealis) is a

fascinating species ecologically, behaviorally, and politically. It is a monogamous, cooper-
ative breeder endemic to the southeastern United States. During colonial times, it might
have been the most common woodpecker in the Southeast. Red-cockaded Woodpeckers are

habitat specialists, living in fire-maintained mature pine-savannah habitat, with particular

preference for longleaf pine {Pinus palustris) 80+ years old. The timber industry’s preference
for younger pine, combined with land conversion for farming and development, has led to

habitat fragmentation, precipitous population declines, and the Red-cockaded Woodpecker’s
current endangered status. Interest in this bird, both in a purely ecological context and as
a conservation problem, has increased tremendously in the last decade. A book reviewing
the species is timely.

McFarlane’s book provides the reader with details of Red-cockaded Woodpecker natural
history, the community of which it is a part, and the struggle for its preservation. The stated
audience for McFarlane s book is the educated lay person,” but both lay and professional
readers interested in endangered species conservation or woodpecker natural history will
find it interesting and enjoyable. Seven of the 12 chapters deal with Red-cockaded Wood-
pecker natural history. McFarlane does an excellent job of placing all aspects of natural
history into a broad ecological context. When discussing the Red-cockaded Woodpecker’s
place in its community, McFarlane is careful to show this species as a member of a complex
community. He compares and contrasts behaviors, morphological adaptations, and specifics
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of habitat use with that ofother woodpecker species. McFarlane’s ability to draw on extensi ve

field work with numerous species adds strength to the analyses. His experience helps create

a perspective that can be appreciated by the amateur and professional alike.

Two chapters describe pine bark beetle populations, an influential component of pine

forest communities, and the potential regulating force birds might have on insect populations.

McFarlane discusses in detail how U.S. Forest Service (USFS) practices in dealing with the

potential threat of beetles to forests can affect Red-cockaded Woodpecker survival.

Two surprising omissions from the book were descriptions of the turpentine industry that

destroyed historic coastal longleaf pine forests in the Southeast, and the current “pine straw”

industry that will have unknown long-term effects on nutrient cycling in the nutrient-poor

soil of many pine forests. However, these omissions do not prevent the reader from un-

derstanding the current conservation problems presented in the book.

Throughout this book, conservation is an underlying theme. The third chapter gives an

overview of large-scale threats (such as pollution) that can threaten species survival. A
related theme is the USFS as a less than perfect warden for this endangered species. Mc-
Farlane expresses frustration at trying to conserve the Red-cockaded Woodpecker in the

face of the management branch of the USFS. Any readers involved in endangered species

management will empathize with the problems encountered in trying to save this species.

Appropriately, the final chapters deal with the politics of Red-cockaded Woodpecker
conservation. They end with the landmark Texas decision that the USFS timber management

practices in Texas constituted “take” of Red-cockaded Woodpeckers, in violation of the

Endangered Species Act. McFarlane provides historic details of the battle to protect this

species since it was declared endangered in 1968; the battle continues to this day. He
concludes that both the biological knowledge and the legal authority to save this species

exists. McFarlane justifiably concludes that if the Red-cockaded Woodpecker becomes ex-

tinct, it will be caused by too few people caring enough to save it, and by the conflict of

interest between upholding the law and serving the special interests of the forest industry.

Those interested in all aspects of this unique species might consider reviewing the pro-

ceedings of the third Red-cockaded Woodpecker Symposium scheduled for January', 1993

(for details, write Ralph Costa, USFAVS, 75 Spring St., SW, Atlanta, Georgia 30303).— J.

Michael Reed.

Saving American Birds. T. Gilbert Pearson and the Founding of the Audubon

Movement. By Oliver H. Orr, Jr. University Press of Florida, Gainesville, Florida, 1992;

xii + 296 pp., 12 black-and-white photos. $34.95.— Along with other environmental matters,

the preservation of wildlife is a widely discussed topic these days and at this writing has

even attracted the attention of the “political sector.” Given the complexity of the current

problems, it is hard for us to comprehend the situation in the United States a hundred years

ago. Today more than a few species are a cause for concern, but the 1890s practically all

bird species were under threat of extinction. With few exceptions wild animals of all kinds

were fair game for hunters throughout the year. There were few, if any, “game laws” and

no governmental mechanisms for regulating hunting. In some parts of the south the American

Robin {Turdus migratorius) was a popular game bird and many other small birds were

considered to be legitimate targets. Egrets and terns, as well as other species, were slaughtered

in great numbers for millinery purposes.

At its second meeting, the A.O.U. formed a committee for bird protection to address

some of these situations. Eventually this committee came under the chairmanship of Wil-

liam Dutcher, a New York insurance man. Dutcher, who is an almost forgotten figure today,

encouraged the formation of the state and local societies, named for J. J. Audubon to fight
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for bird preservation. Eventually these societies were organized as the National Association

of Audubon Societies under Dutcher’s leadership. To help him in this task Dutcher enlisted

a young college professor from North Carolina, T. Gilbert Pearson. Pearson had organized

the North Carolina Audubon Society. At that time this Society not only collected the hunting

license fees, but also enforced the game laws that had been passed at the Society’s recom-

mendation. Eventually he became in 1911 the first fulltime leader ofthe national association,

a position which he held for 23 years. During this time he was one of the most influential

figures in conservation, as the Audubon movement not only led the fight for restrictions on

the harvesting of birds, but also engineered the revolution in public opinion about wildlife.

Oliver Orr’s book blends a partial biography of Pearson (it ends with his movement to

New York in 1911) with a detailed history of the development of the Audubon movement.

The early part of the book is an interesting account of a young man’s first experiences with

the lush birdlife of his home area in northern Florida. It traces his gradual change from a

collector of birds and eggs (he partially financed his education by selling specimens) to the

militant preservationist he ultimately became. Pearson gradually turned his activities from

field work and college teaching to lobbying legislatures to pass the so-called “Audubon
Laws.’’ In covering this period the book gives a detailed account of these legislative efforts,

as well as the media campaigns accompanying them. Orr has had access to a tremendous

amount of documentation of these early activities, and it is good to have this information

assembled in one source, although I must say that this part of the book reads like a history

text— dull but essential.— George A. Hall.

In Search of Sparrows. By J. Denis Summers-Smith, illus. by Euan Dunn. T. & A.D.

Poyser Ltd., London: distributed in U.S. by Academic Press, New York, 1992: viii + 141

pp., many black-and-white photos and sketches. $39.— Denis Summers-Smith has spent

more than 40 years studying the birds of the genus Passer. After studying the House Sparrow

(Passer domesticus) at home in England, he set out to study the 19 other species of the

genus. This took him to five continents, and eventually he made significant field observations

on 20 of the 21 species. The results of this effort were published in his 1988 book, “The
Sparrows’’ (see review in Wilson Bull. 102:566-568, 1990). That book discussed the biology

of the birds. The volume now in hand is a light-hearted travelogue describing the other side

of the many trips in pursuit of the sparrows. In an engaging manner Summers-Smith tells

us of the difficulties of reaching some of the out-of-the way places, of the sometimes vain

searches for the birds, as well as descriptions of the sparrows and their habitat. Along the

way, we meet a number of ornithologists who played host to the author and his wife.

Besides the travel adventures, the book contains a large amount of the biological results

treated in the earlier technical volume. The book is illustrated by numerous photographs

as well as an amusing set of cartoon-like sketches by Euan Dunn. The armchair-traveling

ornithologist can both learn some bird biology and have a pleasant read from this book.—
George A. Hall.
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This issue of The Wilson Bulletin was published on 12 March 1993.
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TAXONOMIC REVISION OF THE GREATER
ANTILLEAN PEWEE

George B. Reynard, ‘ Orlando H. Garrido,^

AND Robert L. Sutton^

Abstract.—The Greater Antillean Pewee (Contopus caribaeus) has mutually exclusive

dawn songs in Hispaniola, Jamaica, Cuba, and the Bahamas. In Hispaniola, dawn songs are

fast, emphatic, and loud, with one single and three paired syllables rising in pitch from ca

1. 9-3.0 kHz. In Jamaica, dawn songs are weaker, having two and three syllable phrases,

usually given alternately, and ranging from ca 2-A kHz. In Cuba and the Bahamas, dawn
songs are high-pitched, squeaky whistles, ascending and descending, and ranging from ca

3.0-5. 5 kHz. These differences readily are discerned by ear and in sonograms. None of the

vocalizations in the Bahama-Cuba region, Jamaica, or Hispaniola was duplicated in either

of the other two populations. Most plumage differences among these populations are subtle,

but birds in Cuba and the Bahamas have a striking, white, crescent-shaped “post-ocular

spot” not found on pewees in Jamaica or Hispaniola. Pewees in Jamaica have smaller

masses, and shorter tails, tarsi, wings, and exposed culmen than birds in Cuba. Dawn songs

and measurements indicate that these populations of the Greater Antillean Pewee are suf-

ficiently different to be recognized as separate species. Received 25 Sept. 1991, accepted 20

Oct. 1992.

The distribution of the Greater Antillean Pewee {Contopus caribaeus),

(Peters 1979, AOU 1983, Bond 1985) includes the Bahama Islands of

Abaco, Andros, New Providence, Eleuthera, and Cat Islands, Cuba (in-

' 105 Midway St., Riverton, New Jersey 08077-1012.

2 Museo Nacional de Historia Natural, Capitolio, La Habana, Cuba.

3 Marshall’s Pen, P.O. Box 58, Mandeville, Jamaica, West Indies.

Photographs of pewees: (a) Cuba, Bermejos, Matanzas Province, (b) Cuba, Guajaba Key,

north of Camaguey, (c) Bahamas, ‘Rose 2’, Great Abaco, (d) Bahamas, Hole in Wall, Great

Abaco, (e) Hispaniola, Parque del Este, Dominican Republic, (f) Hispaniola, Santiago Rod-

riguez Province, Dominican Republic, (g) Jamaica, Sherwood Content, Trelawny Parish,

(h) Jamaica, Crown Lands, Trelawny Parish.
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Table 1

Mass and Wing Measurements of Pewees

Locality Mass (g) Wing length (mm)

Cuba 11.6 ± 1.0 (29) a 72.2 ± 2.6 (62) a

Hispaniola 11.5 - (18)* 70.9 ± 1.9 (27) b

Bahamas 10.5 - (14)* 68.6 ± 1.8 (17) c

Jamaica 9.8 ± 0.6 (16) b 68.2 ± 2.3 (17) c

Values are means ± SD (N). Values not followed by the same letter differ significantly (* = SD not available and no

statistical comparison was made).

eluding keys and Isle of Youth), Jamaica, Hispaniola, and one of its

satellite islands, Gonave. We here present evidence of variations in song

and plumage that indicate the possible presence of three species, instead

of one.

METHODS

Tape recordings were made in the field throughout the day to obtain naturally occurring

songs and calls, particularly dawn songs. Our tape file includes recordings from 1 8 individuals

in Hispaniola, 25 in Cuba, 17 in Jamaica and five in the Bahamas. No playback experiments

were run.

Tape recordings were made using Nagra IIIB, Uher 1 000, Uher 4000 reel-to-reel recorders,

and a Sony TCM 5000 cassette recorder. Microphones were models by Sony, AKG, and

Sennheiser, with parabolic reflectors having diameters of43 cm, 6 1 cm, or 9 1 cm. Sonograms

were made with Kay Elemetrics 606 1 units, in some cases first filtering the sounds through

a Kron-Hite high and low pass filter. Copies of the recordings are deposited in the Library

of Natural Sounds, Cornell Laboratory of Ornithology, Ithaca, New York. Three dawn song

recordings are also found in two published phonograph record albums (Reynard 1981, entry

#86; Reynard and Garrido 1 988, entries #84 and A4). A copy of the color photo is deposited

in the VIREO collection at the Academy of Natural Sciences of Philadelphia.

Plumages were evaluated from photos of living birds and from 171 specimens. Mensural

information (wing, tarsus, tail, bill) from 150 of the specimens was taken, mainly by the

second author. Data on mass were augmented by including values from Steadman et al.

(1980), Olson (1985), and Buden and Olson (1989). The measurements were from specimens

Table 2

Tarsus, Tail, and Bill Lengths of Pewees**

Locality Tarsus Tail BilF

Cuba 16.4 ± 1.4 (29) a 67.2 ± 3.3 (62) a 15.0 ± 1.4 (60) a

Hispaniola 15.1 - (18)* 65.7 ± 4.6 (27) a 13.8 ± 1.0(ll)b

Bahamas 15.9 - (14)* 61.0 ± 2.4 (17)b 13.7 _ (4)
*

Jamaica 14.3 ± 0.8 (16) b 64.1 ± 2.2 (17) c 12.5 ± 1.5 (4) b

“ All values are as given in Table 1; all measurements are

” Length of exposed culmen.

in mm.
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Fig. 1 . Sonograms of species-specific dawn songs of resident pewees in Cuba (A), His-

paniola (B) and Jamaica (C).

on loan, received in Cuba, and from specimens examined during visits to collections in

several Caribbean and North American museums. These included, among others visited,

and listed in “Acknowledgments,” The Smithsonian Institution, American Museum of

Natural History, and the Royal Ontario Museum.
Data from male and female specimens were combined; we found that their mean values

did not differ significantly using the “z” test at the 5% level (Natrella 1963). This same test

was applied to population means in Tables 1 and 2.

RESULTS

Vocalizations. — KQpTQsenX3.Xi\Q dawn song sonograms (Fig. 1) are shown

for pewees in Cuba (A), Hispaniola (B), and Jamaica (C). The first is

paraphrased “eeah oweeeah.” In some performances, only the second

phrase is used in some segments of the dawn song. Birds in Hispaniola

sing a fast, emphatic song, “shurr, pet-pet, pit-pit, peet-peet,” with the

paired syllables successively rising in pitch. In Jamaica, the dawn song

consists of two phrases, “paleet” and “weeleeah,” usually given in alter-

nate order, but sometimes one of the phrases is given twice in succession.

The range in pitch also varies among these populations, covering ca 1.9-

3.0 kHz in Hispaniola, 2-4 kHz in Jamaica, and 3-5 kHz in Cuba.

These varied song patterns are more than would be expected within

the song repertoire of one Contopus species. The three songs sound strik-

ingly different in the field— a high-pitched, weak, squeaky whistle in Cuban

birds, a very loud, rapid-fire volley of short notes in Hispaniola and a

smooth flowing, almost flute-like sound in Jamaica.
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Fig. 2. Sonograms of pewee vocalizations, including dawn song on New Providence,

Bahamas (A), 2nd phrase of dawn song in Cuba (B), a broken “slur” variation (C), and the

disturbance calls of an adult near its nest in Cuba (D).

A significant feature of these performances is the comparatively rapid

rate of delivery of the dawn songs, contrasting with more leisurely calls

or phrases at other times ofthe day. This difference holds for other species

of Contopus and has been documented, for example, by Craig (1943) for

the Eastern Wood-Pewee (C. virens). Birds in Cuba repeat the dawn song

every 3-4 sec, those in Hispaniola every 3-5 sec, and in Jamaica, every

2-3 sec. In contrast, daytime phrases are heard in Cuba at 6-8 sec intervals,

and at 5-10 sec intervals in Jamaica. We did not hear or record any

Pewees in Hispaniola using the “paired-syllable” pattern ofthe dawn song

at any time during the rest of the day. We did not record any leisurely

singing from this population.

The dawn song in the Bahamas is similar in pitch to the song in Cuba
and has the same “squeaky whistle” quality. It differs from the song in

Cuba (Figs. lA, 2B) by the addition of two or more “dee dee” phrases

after the “oweeah” phrase (Fig. 2A). We have not heard these additional

phrases from birds in Cuba. Brudenelle-Bruce (1975) described the song

in the Bahamas as a “clear ringing ‘peeee, dee-dee-dee-dee-dee’, with the

‘dees’ on a descending scale.” The Bahama song (Fig. 2A) actually had

three “dees”; the third, weaker, did not show on the sonogram.

There are some minor variations of the song phrases in Cuba. The
“oweeah” phrase (Fig. 2B) has a more abrupt rise in pitch or a more or
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Fig. 3. Sonograms ofpewee vocalizations in Hispaniola, demonstrating calls with a drop
in pitch (A), those rising in pitch and intensity (B), and with uniform pitch (C).

less “broken” or interrupted slur (Fig. 2C), although the latter is barely

discernible by ear. An additional vocalization is a series of “weet-weet”

alarm calls (Fig. 2D). These were from an agitated bird when we came
close to its nest near Santo Tomas, 28 April, 1978.

Additional calls from Hispaniola (Fig. 3) were usually heard when two

or more individuals were present. They varied in pitch or intensity (Fig.

3A, B) or were more nearly uniform in each factor (Fig. 3C). These types

of sounds were described by Dod (1978, 1981) as “prt” or “pit” and the

song as “a sad, i-i-i-i-i.” Wetmore and Swales (1931) used a colorful

description of the Hispaniolan pewee song “a mournful call of consid-

erable carrying power coming from the tops of pine trees, a note of several

syllables that might be written pur pip pip pip pip;” this is similar to the

sonogram here (Fig. 1 B).

In Jamaica, the most frequent vocalization heard throughout the day

is not a phrase from the dawn song (Fig. 1C) but is a rising-falling slur

(Fig. 4C) which could be paraphrased “oeeoh.” This was called by Downer

and Sutton (1990) “A plaintive “pee” at various tonal levels.” Another

vocalization was heard and taped during an interaction between two birds.

A nearby bird gave the “weeleeah” and “oeeoh” phrases, as a distant one

added a monotonous series of“duu duu” calls (Fig. 4A), continuing them

when it flew in closer (Fig. 4B).

Plumage. — In general appearance. Greater Antillean Pewees are small.
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Fig. 4. Sonograms of two interacting pewees in Jamaica, including slurs from one and

more uniform “duu” calls from the second bird (A), continuing closer together (B), and the

common daytime call (C).

rather drab flycatchers. Two wing bars may be present, light grayish to

bufly, but they are often inconspicuous or absent. The tail is notched.

Upperparts are dark, with varying degrees of grayish or olive-brown, and
the crown is darker than the back. Underparts are lighter, whitish, or

grayish with washes of olive, yellow or brown. The maxilla is brown to

black, and the mandible is yellow to bufly. With the exception of wing

bars, there are no sharply defined lines of color change between plumage

areas.

Some inter-island plumage differences were found. The contrast be-

tween a dark crown and lighter back is greatest in Cuban birds. The center

of the breast and abdomen is lighter colored in Bahaman birds (Ulus. D).

This feature was noted by Kaufman (1984), who described it as “some-

times creating a “vested” appearance.” Specimens from Jamaica may also

show lighter feathers in the center of the breast or abdomen, and this is

evident in a color photo and plumage description by Downer and Sutton

(1990).

The most striking feature is the vertical crescent at the rear of the

eye in birds from Cuba (Ulus. A and B) and the Bahamas (Ulus. C and

D), but not in the examples from Hispaniola and Jamaica (Ulus. F, G,

and H).

In the first edition of “Birds of the West Indies,” Bond (1936) referred
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to a “narrow white orbital ring” which was shown in the black and white

illustration in this and all later editions. Beginning with the 1974 edition

(Bond 1974), a color plate shows a ring, perceptibly lighter, at the back

of the eye, but not of the proportions shown in the living birds here (Ulus.

A, B, C). Patterson (1972), Brudenelle-Bruce (1975) and Kaufman (1984)

all noted this field mark in their reports of Bahaman birds, but it has not

been noted previously in reports of birds in Cuba.
Another feature, much less striking than the above, is the somewhat

lighter color of the lores (Ulus. C), apparently confined to birds in the

Bahamas, and there it is not always present. In observing pewees there,

Kaufman (1984) stated that “among some 50 individuals . . . some had

a pale area on the lores.” This characteristic is shown in the pen and ink

sketch by Earl L. Poole, in all of Bond’s editions, but he made no mention

of the character in his texts. A specimen from the Bahamas was apparently

supplied to the artist for his model. (An artifact produced the small white

spot shown on the lores of a Cuban bird here [Ulus. B].)

Mensural data. — For the most part, variations among populations were

small, but some significant differences were found (Tables 1 and 2). Values

from Jamaican birds showed lighter masses and shorter tails, tarsis, wings

and bills, than values from birds in Cuba. The bill width in Jamaica was

also smaller than bill width in Hispaniola and the Bahamas. Most of the

other values for these two populations were intermediate between those

from Cuba and Jamaica, except that tail length is shortest in birds from

the Bahamas.

DISCUSSION

The differences in dawn songs among the Jamaican, Hispaniolan, and

Cuban-Bahaman populations of pewees are similar in magnitude to those

found in Myiarchus by Lanyon (1967, 1978), suggesting species separa-

tion. Also supporting species recognition is the fact that no vocalizations

we heard and recorded in one population were heard in either of the other

two.

We have examined sonograms and listened to dawn song tape record-

ings of several other Contopus species, including Olive-sided Flycatcher

(C. borealis), Coue’s Flycatcher (C. pertinax). Dark Pewee (C. lugubris).

Western Wood-Pewee (C. sordidulus). Eastern Wood-Pewee, Tropical Pe-

wee (C cinereus), and Lesser Antillean Pewee (C. latirostris). There were

no strong leads to suggest the derivation of Greater Antillean Pewees.

There were, however, two similar pairs of vocalizations. The Eastern

Wood-Pewee “wee-ooo” phrase (Fig. 5A), with its rising-falling high

pitched slur, resembles the phrases of the pewee in Cuba (Figs. lA, 2B,

2C), and each attains 4 kHz or higher in pitch. The “wee-ooo” is the well-
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Fig. 5. Sonogram of the second phrase of Eastern Wood-Pewee dawn song in Pennsyl-

vania (A) and sonogram of a Lesser Antillean Pewee dawn song in Guadeloupe (B).

known second phrase of early morning singing of Eastern Wood-Pewees
described by Craig (1943) and referred to as “song form 2” by Smith

(1988).

The second similarity is in the pattern and pitch of a Lesser Antillean

Pewee in Guadeloupe (Fig. 5B), recorded by Roche (1971), and a dawn
song we recorded in Hispaniola (Fig. IB). Each of these is loud and

emphatic in delivery and in the 2-3 kHz frequency range.

Regarding the status of pewees in the Bahamas, Wetmore (1932) stated

“I consider the wood pewee of Cuba specifically distinct from that of the

Bahamas, although Dr. Hellmayr (1927) has treated them as geographic

representatives of the same species.” Barbour (1923) commented, “The
Bahaman bird represents a valid subspecies, being slightly larger and more
ashy in color.” Our studies support only subspecific separation. Although

there are some minor plumage differences, the two populations have a

very similar dawn song type (Figs. lA, 2A), and each has the prominent

“post-ocular spot.”

Nomenclature.—ThQ first description and naming of the pewee in Ja-

maica was Myiobius pallidus Gosse (1847), in “Birds of Jamaica,” the

first comprehensive treatment of its avifauna. Several other genera were

later used, as given in Ridgway (1907), and Hellmayr (1927), including

Blacicus, Pyrocephalus, Rhyncocyclus and Tyrannula, with the first usage
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ofthe current genus in Contopus pallidus by Sclater (1 862). It was reduced

to sub-specific status in two combinations, C. caribaeus pallidus by Baird

et al. (1 874) and Blacicus caribaeus pallidus in Hellmayr (1927) and Bond
(1936). Finally, the population in Jamaica was included as a part of

Contopus caribaeus in Bond’s 1974 and subsequent editions of “Birds of

the West Indies,” as well as in the AOU check-list (1983).

In Hispaniola, the pewee was first designated Tyrannula cariboea (sic.)

var. T. c. hispaniolensis Bryant (1866). It was then considered a full

species, Contopus hispaniolensis Bryant, Cory (1885), and by Ridgway

(1907) who used Blacicus hispaniolensis Bryant. Hellmayr (1927) and

Bond (1936) both reduced it to B. caribaeus hispaniolensis. Again, as with

the pewee in Jamaica, Bond (1974) and the AOU (1983) included the

pewee in Hispaniola as part of Contopus caribaeus.

In contrast with past studies, we have had the opportunity to study

differences in taped vocalizations, new mensural data, and new close-up

photographs of live pewees. This information, along with our collective

field experience, leads us to believe we are dealing not with one but three

species. We suggest, in essence, the return of the Jamaican and Hispanio-

lan populations, now sub-species, to their earlier described status as full

species.

For Jamaica, we propose the taxon, Contopus pallidus Gosse (1847),

first used by Sclater (1862). For Hispaniola, we propose returning to

Contopus hispaniolensis Bryant (1866), chosen also by Cory (1885). The

geographic distribution is shown on the map (Fig. 6).
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Except for “Greater Antillean Pewee” and Gosse’s “Buff-winged Flat-

bill,” few English names have been used in field guides. In two accounts,

Ridgway (1907) and Hellmayr (1927), are found “Cuban Wood Pewee,”

“Bahaman Wood Pewee,” “Haitian Wood Pewee,” and “Jamaican Wood
Pewee.” We suggest the names “Jamaican Pewee” and “Hispaniolan Pe-

wee” for the two populations we have found to be so distinct. It is sug-

gested that “Greater Antillean Pewee” be retained for the widely spread

populations in the Cuban and Bahaman archipelagoes.
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REGIONAL VARIATION IN COWBIRD
PARASITISM OF WOOD THRUSHES

Jeftoey P. Hoover' and Margaret C. Brittingham'

Abstract.— Population declines ofNeotropical migrant songbirds breeding in the eastern

deciduous forest have been attributed, in part, to low reproductive success resulting from

high rates of brood parasitism by Brown-headed Cowbirds (Molothrus ater). Wood Thrush

{Hylocichla mustelina) nest records from the Cornell Laboratory of Ornithology were used

to test whether rates of parasitism and the number of cowbird eggs or young per parasitized

nest varied regionally with distance from the historic range of the cowbird. Rates of para-

sitism differed significantly {P < 0.001) among the Midwest (42.1%), Mid-Atlantic (26.5%),

and Northeast (14.7%). Mean number of cowbird eggs or young per parasitized nest differed

significantly {P < 0.001) among regions and displayed similar regional trends with means

of 2.09, 1.64, and 1.21, respectively. Rates of parasitism were correlated positively (r =

0.64, P = 0.002) with relative abundance of cowbirds and negatively correlated (r = —0.70,

P = 0.001) with relative abundance of Wood Thrush. In the Midwest, relative abundance

ofcowbirds was significantly higher and Wood Thrushes significantly lower than in the other

two regions. Because ofthe high abundance ofcowbirds, high percentage of nests parasitized,

and high number of cowbird eggs per parasitized nest, the effects of cowbird parasitism are

particularly severe in the Midwest. Received 17 April 1992, accepted 22 Oct. 1992.

Neotropical migrant songbirds breeding within the eastern deciduous

forest have undergone apparent population declines since the late 1 940s

(Robbins 1979, Whitcomb et al. 1981, Askins et al. 1990). One suggested

cause of the declines has been low reproductive success resulting from

high rates of brood parasitism by Brown-headed Cowbirds {Molothrus

ater) (Gates and Gysel 1978, Brittingham and Temple 1983, Robinson

1988). In addition, the cowbird has been implicated in the near extinction

of the Kirtland’s Warbler {Dendroica kirtlandii) and other rare species

(Rothstein 1975, Mayfield 1977).

Although cowbird parasitism appears to have a large effect on repro-

ductive success of forest songbirds in the Midwest (Brittingham and Tem-
ple 1983, Robinson 1988), the magnitude of the problem for songbirds

nesting throughout the eastern deciduous forest is unknown. Because the

historic range of the cowbird was west of the Mississippi River, and
because cowbirds are associated ecologically with open habitat (Mayfield

1965, Dufty 1982), their abundance and impact on forest songbirds may
be highest close to this historic range and in regions with more open
habitat. As a result, rates of cowbird parasitism and the importance of

cowbird parasitism as a factor responsible for declines of forest songbirds

‘ School of Forest Resources, The Pennsylvania State Univ., University Park, Pennsylvania 16802.
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may vary regionally with distance from the historic range of the cowbird.

To reverse declining trends in populations of forest songbirds, we need
to understand regional differences in the causes of decline.

We analyzed Wood Thrush {Hylocichla mustelina) nest records from
the Cornell Laboratory ofOrnithology Nest Record Program to test whether
rates of cowbird parasitism ofWood Thrush varied regionally and to test

whether parasitism rates were correlated with differences in abundance
ofcowbirds or Wood Thrushes. We also tested whether rates of parasitism

changed from 1960-1989 within each region. We chose the Wood Thrush
because it is a Neotropical migrant that breeds throughout the eastern

deciduous forest and has experienced population declines in recent de-

cades (Robbins 1979, Robbins et al. 1989, Askins et al. 1990). It also is

a common host of the cowbird (Friedmann 1963), accepts cowbird eggs

(Rothstein 1975), and its blue eggs are easily distinguishable from cowbird

eggs. In addition, there is a large sample of Wood Thrush nest records.

METHODS

We obtained 896 Wood Thrush nest records from the Cornell Laboratory of Ornithology

Nest Record Program. These records dated back to the 1940s, but most (>95%) were from

1960 to the present. Nest records included information on when and where (geographic

location) the nest was found, stage of nesting, nest contents (including cowbird eggs or

young), and nest outcome. All Wood Thrush nests that contained cowbird eggs or young

and all that contained Wood Thrush young or at least two Wood Thrush eggs were included

in this study. Forty-one nests for which nest contents were not observed, or that were found

empty and not subsequently used, were removed from the initial pool of nests.

Nest records were reported from the entire range of the Wood Thrush, covering southeast

Canada and the eastern half of the United States (Fig. 1). This range and the nest records

were separated into three longitudinal regions; Northeast (longitudes < 77°), Mid-Atlantic

(longitudes 77°-87°), and Midwest (longitudes >87°) (Fig. 1). We defined regions by longitude

rather than ecologically because all of our nests were from deciduous forest habitat. We
examined differences in rates of parasitism within one ecological region (deciduous forest)

based on location in reference to the historic range of the cowbird. We named the regions

according to the location of the majority of nest records. For a regional comparison ofbrood

parasitism, we used all nest records (855) regardless of the year the nest was found. The

nests were also separated into three decades, 1960-1989, to determine if there were any

temporal differences within regions. For the temporal comparison of parasitism, only nests

found from 1960-1989 were used.

We used chi-square tests-of-independence to determine if frequency of brood parasitism

varied among regions or among three decades within each region. Over 100 nest records

were reported from Pennsylvania (105), New York (136), and Delaware (142). Because a

large number of nest records reported from a small area might bias results, we were partic-

ularly concerned about the potential influence the large number of records from Delaware

might have on our regional analysis. To test for a bias, we omitted Delaware's nest records

and re-analyzed the data. Although the value changed, the overall trend and significance

level did not. We also calculated the mean number of cowbird eggs or young per parasitized

Wood Thrush nest and used a two-way analysis of variance to test for regional and temporal
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Fig. 1 . Number and location (state, region) of Wood Thrush nest records reported to

the Cornell Nest Record Program.

differences among means. A Tukey test (a = 0.05) was used to determine which means were

significantly different.

We obtained Breeding Bird Survey (BBS) data from the Fish and Wildlife Service’s Office

of Migratory Bird Management and used these data to compare the average relative abun-

dance of Wood Thrush and Brown-headed Cowbirds among the three regions. The com-

parison was based on average numbers of birds tallied per BBS route per state during 1966-

1989. If a state was located in two regions, that state was assigned to the region in which

the majority of the state was located. Only states that had at least 10 BBS routes completed

within them were used for this comparison. Using the regional description above, there

were nine states in the Northeast, 12 in the Mid-Atlantic, and eight in the Midwest that fit

the criterion for use. The Office of Migratory Bird Management has calculated average

number of birds per BBS route by state from 1966 to 1989 (for methods see Robbins et al.

1980). We then calculated and compared the means of those state averages for states in the

different regions. A one-way analysis of variance was used to test for differences among
means, and a Tukey test (a = 0.05) was used to determine which means were significantly

different. We used correlation analysis to test whether the percentage of nests parasitized

was correlated with number of Brown-headed Cowbirds or number of Wood Thrushes

detected per BBS route by state (1966-1989). For these analyses, we omitted nine states

that had fewer than eight nest records (Table 1).



Table 1

Percentage of Wood Thrush Nests Parasitized by State (1960-1989) and Average
Number of Brown-headed Cowbirds and Wood Thrush Reported on Breeding Bird

Survey Routes (1966-1989)

Percentage of nests
Average number per route'’

State parasitized (N)'* Cowbirds Wood Thrush

AL 0.0

(12)

13.83 1 1.27

DE 12.7

(142)

4.52 13.59

GA 56.0

(16)

5.69 8.10

IL 37.5

(32)

12.35 1.16

IN 44.4

(18)

14.05 3.95

lA 62.5

(8)

25.99 0.07'

KY 44.4

(27)

13.53 10.57

MD 22.2

(18)

10.22 19.35

MA 18.2

(11)

6.09 16.02

MI 32.5

(40)

12.19 2.17

MS 25.0

(12)

11.52 8.79

NJ 1 1.1

(9)

4.46 9.46

NY 22.0

(136)

10.57 14.57

NC 18.4

(38)

7.52 18.05

OH 34.0

(47)

10.18 6.16

PA 20.9

(105)

9.80 16.18

TN 23.8

(21)

9.93 8.59

VA 1 1.5

(26)

6.58 18.24

WI 72.0

(25)

20.01 1.68

WV 12.7

(71)

10.63 22.29

“ Number of Wood Thrush nest records reported to the Cornell Nest Record Program. States with < eight nest records

were not included.

*’ Average number per route was calculated by the Fish and Wildlife Service Office of Migratory Bird Management as

the average number of birds per BBS route for all routes within each state between the years 1966 and 1989.
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Table 2

Regional and Temporal Variation in Brown-headed Cowbird Parasitism of Wood
Thrush Nests

Region and decade
Percentage of nests

parasitized (N)

Number of cowbird eggs or young
per parasitized nesP (N)

Northeast

TotaP 14.7 1.21 ± 0.08

(348) (52)

1960-1969 13.8 1.25 ± 0.13

(210) (28)

1970-1979 20.4 1.18 ± 0.18

(54) (11)

1980-1989 16.7 1.08 ± 0.07

(72) (13)

Mid-Atlantic

TotaL 26.5 1.64 ± 0.09

(381) (99)

1960-1969 30.5 1.53 ± 0.12

(141) (43)

1970-1979 29.4 1.68 ± 0.13

(160) (47)

1980-1989 11.3 2.00 ± 0.49

(70) (8)

Midwest

TotaP 42.1 2.09 ± 0.17

(126) (53)

1960-1969 43.6 1.59 ± 0.27

(39) (17)

1970-1979 45.5 2.09 ± 0.29

(44) (21)

1980-1989 48.5 2.40 ± 0.21

(33) (15)

“ Mean ± one SE.

^ Total number of nests found in each region prior to 1 990.

The Office of Migratory Bird Management calculated the percentage of BBS routes per

state where Wood Thrush showed a decline from 1966-1989. We determined the number

of decreasing routes and total routes in each region and used a chi-square test-of-indepen-

dence to determine whether there was a difference in the percentage of BBS routes where

Wood Thrush numbers decreased among our three regions.

RESULTS

The percentage of Wood Thrush nests parasitized was significantly

different (x^ = 40.54, df = 2, P < 0.001) among regions and was highest

in the Midwest and lowest in the Northeast (Table 2). The mean number



Hoover and Brittingham • COWBIRD PARASITISM 233

80 r

Q
LU
N

% 60
cr

CO
h—
^ 40
LLI

^

LU
O
cr
LU
CL

20

Fig. 2

by state

5 10 15 20 26
AVERAGE NUMBER OF COWBIRDS/BBS ROUTE

30

Average number ofBrown-headed Cowbirds per BBS route ( 1 966- 1989) reported

and percentage of Wood Thrush nests parasitized per state.

of cowbird eggs or young per parasitized Wood Thrush nest was also

significantly different among regions and followed a similar regional trend

{F= 11.31, df= 2,200; P < 0.001) (Table 2).

Within each region, the percentage of nests parasitized did not differ

by decade (1960-1989) in the Northeast (x^ = 1.51, df = 2, P > 0.5) or

in the Midwest (x^ = 0.04, df = 2, /* > 0.5) but did differ (x^ = 10.33,

df = 2, P < 0.01) in the Mid-Atlantic and was lowest during 1980-1989

(Table 2). The mean number ofcowbird eggs per parasitized Wood Thrush

nest did not differ temporally in any region (F = 1.63, df = 2,198; P =
0.199).

The average number ofBrown-headed Cowbirds detected per BBS route

was significantly different {F = 1 4.90, df= 2,26; P < 0.00 1 ) among regions

and was higher in the Midwest region than in the Mid-Atlantic or North-

east regions (Table 3). The average number of Wood Thrushes detected

per BBS route was significantly different {F = 16.73, df = 2,26; P < 0.001)

among regions and was lower in the Midwest than in the Mid-Atlantic

or Northeast (Table 3). The percentage ofWood Thrush nests parasitized

per state was positively correlated (r = 0.64, df = 18, P = 0.002) with the

average number ofcowbirds detected per BBS route (Fig. 2) and negatively

correlated {r = —0.70, df = 18, P = 0.001) with the average number of

Wood Thrushes detected per BBS route (Fig. 3).

The proportion of BBS routes where Wood Thrush declined in abun-
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dance from 1966 to 1989 did not differ (x^ = 0.169, df = 2, P > 0.5)

among routes in the Midwest (59%), Mid-Atlantic (58%), or Northeast

(60%).

DISCUSSION

The Brown-headed Cowbird was originally a nesting species of the

grasslands in the Plains region west of the Mississippi River (Friedmann

1929, Mayfield 1965). Regional differences in cowbird numbers are likely

a result of regional differences in the landscapes and habitat suitability.

The Midwestern landscape is primarily agricultural with scattered patches

of forest while the Northeast, conversely, has much more forest habitat

and less open habitat. In addition, cowbird abundance appears to decrease

with distance from the cowbird’s historic range.

Because the rate of cowbird parasitism is a direct function of cowbird

density (McGeen 1972, Mayfield 1977), the significant regional differences

in rates of parasitism and numbers of cowbird eggs per parasitized nest

were probably a direct result of the greater abundance of cowbirds in the

Midwest. An alternative explanation is that Wood Thrushes were starting

to recognize and eject cowbird eggs in the Northeast. However, we do not

consider this to be a plausible explanation. Ejection behavior would likely

develop first in areas where parasitism rates are highest and the most
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Table 3

Average Relative Abundance of Wood Thrushes and Brown-headed Cowbirds

Reported by Region, 1966-1989

Region

Mean ± SE relative abundance" per BBS route by state (1966-1989)

Wood Thrush (N)^ Brown-headed Cowbird (N)"

Northeast 15.77 ± 1.14'^ 6.88 ± 0.73^

(9) (9)

Mid-Atlantic 11.62 ± 1.79^- 9.84 ± 0.95"

(12) (12)

Midwest 2.72 ± 1.03^ 16.51 ± 1.88‘>

(8) (8)

’ Average relative abundance was calculated by the Fish and Wildlife Service Office of Migratory Bird Management and

represents the average number of birds per BBS route for all routes within states between the years 1966 and 1989.

” Number of states.

Means within a column sharing a letter are not different {P > 0.05).

harm is done to the host (Rothstein 1975). Ejection behavior has no

adaptive value until a species is parasitized. Because cowbirds were at

one time uncommon in the eastern deciduous forest, and the duration of

exposure to parasitism is relatively shorter in the Northeast than in the

Midwest, we would expect to see ejection behavior occurring first in the

Midwest (Rothstein 1975). The strong positive correlation between num-
bers ofcowbirds and rates ofparasitism make higher numbers ofcowbirds

a more logical explanation.

Rates of parasitism were highest in areas where Wood Thrush numbers

were lowest. This inverse density dependent relationship is possible be-

cause cowbirds are not host specific. As a result, their numbers are not

dependent on the density ofany one particular host (Mayfield 1965, 1977,

Rothstein 1975). The consequences of this inverse density dependent

relationship are that the effects of parasitism are most severe in areas

where a particular host species is rare. Compared to the Northeast, there

are higher numbers of cowbirds in the Midwest and lower numbers of

many species of Neotropical migrant forest songbirds (Robbins et al.

1986). The number of cowbird eggs per parasitized nest, an additional

indication of cowbird pressure, was also highest in the Midwest. Because

nests containing two or more cowbird eggs are often unsuccessful at fledg-

ing any host young (Temple and Cary 1988), the effects of cowbird par-

asitism are particularly severe in the Midwest.

Although cowbirds have increased in abundance from 1 900-1980 (Brit-

tingham and Temple 1983), we did not find a significant increase in rates

of parasitism between 1960-1989, and in the Mid-Atlantic states, rates

ofparasitism were lower 1980-1989 than during the previous two decades.



236 THE WILSON BULLETIN • Vol. 105, No. 2, June 1993

The increase in cowbird numbers and the expansion of the cowbird’s

range into the East occurred when eastern forests were cleared prior to

1960 (Brittingham and Temple 1983). Currently, numbers of cowbirds

in the Mid-Atlantic and Northeast states appear to be leveling off or

actually declining (Robbins et al. 1989). However, fragmentation of the

remaining forest continues to be a concern (Brooks and Birch 1988).

Although rates of parasitism in the Midwest did not increase between

1960-1989, they remained high as did the number of cowbird eggs per

parasitized nest. In addition, many ongoing studies in the Midwest are

reproting extremely high rates of parasitism (Robinson 1992).

Because rates of brood parasitism were highest in the Midwest, we
predicted that the Wood Thrush would show greater rates of decline in

the Midwest than in the other two regions. The BBS data did not support

our prediction. Instead, proportions of BBS routes reporting declining

numbers of Wood Thrush were similar among regions.

The Wood Thrush may be less adversely affected by cowbird parasitism

than other host species. The Wood Thrush is one ofthe larger host species

and can often raise its own young along with cowbird young (Friedmann

1963, Rothstein 1975). The Wood Thrush incubation period is similar

to the cowbirds so the cowbird young will normally not gain an advantage

over the Wood Thrush young by hatching first (Rothstein 1975). Also,

the Wood Thrush can re-nest in the same season and increase its chances

of fledging young. Brood parasitism may have much more of a negative

influence on the warblers (Parulidae), flycatchers (Tyranidae), and vireos

(Vireonidae) that are smaller host species, have longer incubation periods,

and have inadequate defenses against brood parasitism (Rothstein 1975,

Robbins 1979, Ambuel and Temple 1982). On the other hand, the Wood
Thrushes may actually be declining more rapidly in the Midwest, but the

BBS method may not be sensitive enough to detect differences in rates of

decline among regions.

The large number of nest records, extensive geographic coverage, and
long-term nature make the Cornell nest record data base an extremely

valuable data set that may eventually be used to monitor trends in re-

productive success and to test hypotheses concerning factors that influence

reproductive success. The nest record program provided us with infor-

mation regarding the condition ofthe nest and its contents upon discovery,

but nest outcome information was included for only 18% of the Wood
Thrush nests. Data on nest outcomes are needed to understand fully the

factors affecting breeding success. To increase the usefulness ofthe Cornell

nest records, we recommend that nest finders monitor nests to a final

outcome, include this information when filling out nest record cards, and
report these nest records as often as possible. Also, it would be beneficial
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for local or state organizations that maintain separate nest record pro-

grams to submit their records to Cornell, making the Cornell program a

centralized source of nest record data. In addition, we encourage all re-

searchers who are conducting nesting studies to send nest records to the

Cornell Nest Record Program.
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EFFECTS OF LONG-TERM FOREST CLEAR-CUTTING
ON WINTERING AND BREEDING BIRDS

Richard H. Yahner*

Abstract.— I examined the effects of even-aged clear-cutting (third cutting cycle) on
wintering and breeding bird communities at the Barrens Grouse Habitat Management Area

(HMA) in central Pennsylvania, 1987-1989. I tested the hypotheses that community struc-

ture and population abundance of wintering and breeding birds did not differ (1) among
areas of the Barrens Grouse HMA that varied in extent of clear-cutting (0%, 50%, and 75%
areas) or (2) among habitats of different age since clear-cutting on the treated sector (50%
and 75% areas). These findings were compared to those obtained subsequent to a second

cutting cycle. Abundance of 1 1 species of wintering birds did not vary {P > 0.05) among
the three areas. Species richness of all species combined and of ground-shrub foragers was

high in the 50% and 75% areas after the third cycle, largely because of additional brushy

vegetation. Abundances of all species combined and of ground-shrub foragers were greater

than expected in the 75% area but lower than expected in the 0% and 50% areas; abundance

of sallier-canopy foragers was greater than expected in the 0% area and less in the 75% area.

Two Neotropical migrants, Ovenbird {Seiurus aurocapillus) and Red-eyed Vireo (Vireo

olivaceus), were more sensitive than other area-dependent species to increased fragmentation

via forest clear-cutting resulting from the third cycle. I conclude that the creation of a mosaic

of small ( 1 ha), even-aged stands for management of Ruffed Grouse {Bonasa umbellus)

habitat does not have a detrimental long-term effect on most species of breeding and win-

tering forest birds on a localized basis. Received 6 July 1992, accepted 9 Nov. 1992.

Forest management for Ruffed Grouse {Bonasa umbellus) habitat in

central Pennsylvania (Barrens Grouse Habitat Management Area) using

an even-aged system of clear-cutting has created a mosaic of small ( 1 ha)

different-aged forest stands (Yahner 1992). Previous studies ofavian com-
munities associated with the Barrens Grouse HMA have examined com-
munity structure of and habitat use by wintering and breeding bird com-
munities subsequent to a second cutting cycle (Yahner 1984, 1985, 1986,

1987). Since these studies have been conducted, however, a third cutting

cycle has been completed at the Barrens Grouse HMA. Hence, this site

provided an ideal opportunity to assess the impact of an increase in forest

clear-cutting on forest bird communities (Saunders et al. 1991). Such

studies are timely because of the concern over the effects of forest man-

agement and fragmentation on long-term trends in avifaunal abundance

and distribution (e.g., Whitcomb et al. 1981, Robbins et al. 1989).

In this study, I tested the hypotheses that community structure (species

composition and diversity) and population abundance of wintering and

breeding birds did not differ (1) among three areas of the Barrens Grouse

' School of Forest Resources, The Pennsylvania State Univ., University Park, Pennsylvania 16802-4300.
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HMA that varied in extent of forest clear-cutting, nor (2) among eight

habitats of different age since clear-cutting on a treated sector of the

Barrens Grouse HMA. These findings were then compared to those ob-

tained in previous studies (Yahner 1984, 1985, 1986, 1987) that examined

wintering and breeding bird communities subsequent to a second cutting

cycle when the extent of forest clear-cutting was appreciably less.

STUDY AREA

I conducted the study at the 1166-ha Barrens Grouse HMA, State Game Lands 176,

Centre County, Pennsylvania, from May 1987 through July 1989. The Barrens Grouse HMA
consisted of a reference (control) and a treated (clear-cut) sector of comparable size (Fig. 1).

Forest on the reference sector, termed the 0% area of forest clear-cutting, and forest con-

tiguous to the boundaries of the Barrens Grouse HMA had not been clear-cut for about 65

years. The treated sector was comprised of two areas of forest clear-cutting, 50% and 75%.

These percentages represented the amount of cut forest in each area after the third cutting

cycle (winters 1985-1986 and 1986-1987) using an even-aged system of forest clear-cutting

under the supervision of the Pennsylvania Game Commission (PGC). The 50% and the

75% areas were designated by the PGC as primarily mixed-oak (Quercus spp.) and aspen

{Populus spp.) cover types, respectively (Yahner 1986, 1987), but these areas were a com-

bination of both cover types (Yahner and Grimm 1984).

Principal overstory trees (woody stem >7.5 cm dbh and >1.5 m tall) at the Barrens

Grouse HMA were bigtooth aspen {Populus grandidentata), quaking aspen (P. tremuloides),

pitch pine {Pinus rigida), white oak {Quercus alba), northern red oak {Q. rubra), chestnut

oak {Q. prinus), scarlet oak {Q. coccinea), and red maple {Acer rubrum). Major understory

trees (woody stem = 2. 5-7. 5 cm dbh and > 1.5 m tall) and tall shrubs (woody stems <2.5
cm dbh, > 1.5 m tall) were aspen {Populus spp.), red maple, black cherry {Prunus serotina),

and oak {Quercus spp.), particularly scrub {Q. ilicifolia) and dwarf chinkapin oaks {Q. pri-

noides) (Yahner 1987).

The treated sector contained 136 contiguous, 4-ha blocks, each representing a theoretical

“activity center” for Ruffed Grouse (Gullion 1977). Seventy-six and 60 blocks were in 50%
and 75% areas, respectively (Fig. 1). Each block was subdivided into four 1 -ha (100- x 100-

m) plots (A-D) and was clear-cut using a clockwise rotation of 40 years (approximate 10-

yr cutting cycle) in the 50% area and 20 years (approximate 5-yr cutting cycle) in the 75%
area (Yahner 1992). During the winter of 1976-1977 (first cutting cycle), plot A (western

plot) of all blocks in both 50% and 75% areas was clear-cut. During the winter of 1980-

1981 (second cutting cycle), plot B (northern plot) of blocks in the 75% areas was clear-cut

(termed 8-year-old aspen habitat). During the winters of 1985-1986 and 1986-1987 (third

cutting cycle), plot B in the 50% area and plot C (eastern plot) in the 75% area were clear-

cut (termed 2-year-old oak and 2-year-old aspen habitats, respectively). In the 75% area,

plot D (southern plot) remained uncut (termed uncut oak bordered by younger clear-cut

plots and uncut oak bordered by older clear-cut plots, respectively). Hence, after the third

cycle, clear-cutting in the 50% area consisted of alternating strips of cut plots (A and B) and
uncut plots (C and D). In contrast, clear-cutting in the 75% area gave a checkerboard pattern

of cut plots (A-C) and uncut plots (D). Uncut oak bordered by younger versus older clear-

cut plots in the 50% area were considered distinct from one another because age of proximal

clear-cut plots differed and because density of vegetative cover (>2 m of ground level) at

interfaces with clear-cut plots varied, being more dense in older than in younger clear-cut

plots {P < 0.05) (Yahner et al. 1989). Thus, based on the three cutting cycles, I classified
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SECTOR
Fig. 1 . Schematic of reference and treated sectors at the Barrens Grouse HMA, Centre

County, Pennsylvania. Dates of cutting cycles are given in plots A and B of the 76 blocks

in the 50% area of forest clear-cutting and in plots A-C of the 60 blocks in the 75% area of

clear-cutting. Forest in the 0% area of clear-cutting (reference sector), in plots C and D of

the 50% area, and in plot D of the 75% area was uncut.

the Barrens Grouse HMA into nine habitats; uncut habitat on the reference sector and four

habitats each (plots A-D) in 50% and 75% areas on the treated sector.

METHODS

I randomly selected ten 1-ha plots on the reference sector and ten plots each in the eight

habitats on the treated sector for study, giving ten, 40, and 40 plots, respectively, in the 0%,

50%, and 75% areas. Plots were representative of vegetation in each area and were >50 m
from disturbances, e.g., restricted access roads. The minimum distance between plots was

200 m (DeSante 1986).

I visited each plot once from late December to early February in each of two consecutive

winters (1987-1988 and 1988-1989) and once again from late May to late June in each of

three consecutive breeding seasons (1987-1989). Visits were made between sunrise and 10:

30 h DST, and the order of visits was randomized. At each visit, I allowed a 1-min equi-

librium period to elapse; then during a subsequent 5-min period, all birds seen or heard

were counted within a 30-m radius of the center of the plot (DeSante 1986, Morrison et al.

1986). A 30-m radius circle positioned at the center of a plot was used to minimize edge
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effects at interfaces of plots of different age on the treated sector (after Repenning and Labisky

1985). Birds flying through or above the canopy were not counted. Movements of birds

were monitored carefully to minimize the recounting of birds at the same or subsequent

plots.

Two measures of avian community structure were computed per season (winters or breed-

ing seasons combined) in each area and habitat. These were species richness {S) and abun-

dance {N) of all species combined and of three major foraging guilds. S was the number of

species, and was the cumulative number of contacts (number/ 10 ha) pooled from all plots

within a given area or habitat. The major guilds were trunk-bark foragers (species typically

foraging on tree trunks or large branches), ground-shrub foragers (species typically foraging

at or < 2 m above ground level), and sallier-canopy foragers (species typically foraging > 2

m above ground level in vegetation) (Yahner 1986). Abundance (number/ 10 ha) ofindividual

species also was determined per season (winters or breeding seasons combined) as the

cumulative number of contacts (number/ 10 ha) pooled from all plots within a given area

or habitat.

I derived an importance value {IV) for each species per season (winters or breeding seasons)

as a means of comparing the importance of species to the avian community at the Barrens

Grouse HMA (Yahner 1986, Rollfinke and Yahner 1990). IV was calculated as the sum of

a relative numerical component {RN) and a relative distribution component {RD). RN was

the abundance (total number of contacts) of a given species at the 90 plots pooled from the

two winters or the three breeding seasons and divided by the maximum abundance recorded

for a species. Maximum abundance was 30 contacts for Black-capped Chickadees in winters

and 89 contacts for Common Yellowthroats in breeding seasons (x 100). RD was the pro-

portion of the nine habitats in which a given species was recorded during the two winters

or the three breeding seasons combined (x 100). I summed these two components (max. =

200) to arbitrarily categorize a species as being of high {IV > 125), moderate (50-124), or

low importance (:^49) in winters or breeding seasons.

I compared observed versus expected abundances of all species combined and of each

foraging guild and species among the 0%, 50%, and 75% areas. When sample sizes were

adequate, I made comparisons among habitats within a given area, using C-tests for good-

ness-of-fit (Sokal and Rohlf 1981). Expected abundances were obtained by multiplying the

proportion of total number of plots per area or habitat by the cumulative number ofcontacts

of all species, guilds, or species. Similarities in avian species composition among the three

areas were examined by indices of proportional similarity {PS) (Brower and Zar 1984), using

abundance of each species per area. In all analyses, avian data were pooled by season (two

winters or three breedings seasons, respectively) to give a better measure of habitat-use

patterns than comparisons between or among years and to increase sample size for statistical

analyses (Rice et al. 1984, Yahner 1986).

RESULTS

Wintering Bird Community

Community structure.— bird species were noted in the three

areas at the Barrens Grouse HMA during winters 1987-1988 and 1988-

1989, with most (N = seven) species consisting of trunk-bark foragers

(Table 1). S and N of all species combined, of trunk-bark foragers, and

of ground-shrub foragers were higher in the 50% than in the other two

areas. Species composition was more similar between 50% and 75% areas
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Table 1

Species Richness {S) and Abundance {N, Number/ 10 ha) of All Species Combined
AND OF Two Major Foraging Guilds in Three Areas of Forest Clear-cutting at
THE Barrens Grouse HMA, Centre County, Pennsylvania, during Winters 1987-

1988 AND 1988-1989 Combined

Area of forest clear-cutting

0% (10)“ 50% (40) 75% (40) Total (90)

Species richness, S:

All species combined 4 10 7 1 1

Trunk-bark foragers 3 6 5 7

Ground-shrub foragers 1 4 2 4

Abundance, N\

All species combined 14.0 19.6 12.2 15.7

Trunk-bark foragers 10.5 13.5 9.1 11.2

Ground-shrub foragers 3.5 6.1 3.1 4.5

* Numbers of 1-ha plots/area are given in parentheses.

{PS = 72%) than between either 0% and 50% areas {PS = 33%) or 0%
and 75% areas {PS = 41%). For instance, six species occurred in both

50% and 75% areas, whereas only three species occupied both 0% and

50% areas (Table 2).

Abundances of all species combined, of trunk-bark foragers, and of

ground-shrub foragers did not vary from expected among the three areas

(G’s < 4. 1, df= 2, jP > 0. 10). However, abundance of all species combined

was significantly different from expected among the four habitats in the

50% area {G = 25.4, df = 3, P < 0.001), being less than expected in both

2-year-old oak and uncut oak bordered by younger clear-cut plots (G’s >

5.5, df = 1, P < 0.05) but higher than expected in uncut oak bordered

by older clear-cut plots {G = 19.0, df = 1, P < 0.001). Furthermore,

abundance of trunk-bark foragers varied among the four habitats in both

50% and 75% areas (G’s > 9.8, df = 3, P < 0.05); in each of these two

areas, abundance was greater than expected in uncut oak bordered by

older clear-cut plots and in uncut aspen, respectively (G’s > 9.8, df = 1,

P < 0.001).

Population abundance.— the 11 wintering species, only the Black-

capped Chickadee was of high importance {IV > 125), and three species

(Golden-crowned Kinglet, American Tree Sparrow, and Rulfed Grouse)

were ofmoderate importance to the bird community {IV= 50-1 24) (Table

2). However, the Golden-crowned Kinglet was noted only in winter 1 988-

1939 Abundances of individual species did not differ from expected

among the three areas (C’s > 2.8, df = 2, P > 0.10).
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Table 3

Species Richness (S) and Abundance {N = Number/ 10 ha) of All Species Combined
AND OF Three Major Foraging Guilds in Three Areas of Forest Clear-cutting at
THE Barrens Grouse HMA, Centre County, Pennsylvania, during Springs 1987-

1988 Combined^

Area of forest clear-cutting

0% (10) 50% (40) 75% (40) Total (90)

Species richness, 5:

All species combined 16 31 28 38

Trunk-bark foragers 5 5 5 6

Ground-shrub foragers 4 15 16 20

Sallier-canopy foragers 7 11 7 12

Abundance, N\

All species combined^ hS.h'’ 69.5^^ 93. 3^* 80.0

Trunk-bark foragers 12.8 8.1 7.8 8.5

Ground-shrub foragers*’ 20.9*’ 44.2" 75. 3^* 55.5

Sallier-canopy foragers*’ 34.9‘i 17.2 10.2" 16.0

’ Numbers of 1-ha plots/area are given in parentheses.
” Observed versus expected abundance varied significantly among areas; G > 5.99, df = 2, P < 0.05; G-test for goodness-

of-fit.

Observed abundance in this area was significantly less than expected; G > 3.84, df = 1, P < 0.05; G-test for goodness-

of-fit.

“ Observed abundance in this area was significantly greater than expected; G > 3.84, df = 1, P < 0.05; G-test for

goodness-of-fit.

Breeding Bird Community

Community structure.— Thirty

-

q\^X bird species were observed in the

three areas at the Barrens Grouse HMA during breeding seasons 1987-

1989 (Table 3). See Tables 2 and 4 for scientific names of species men-

tioned in the text. S of all species combined and ofground-shrub foragers

were highest in 50% and 75% areas, whereas S of trunk-bark foragers

were similar among areas. S of sallier-canopy foragers was highest in the

50% area. N of all species combined and of ground-shrub foragers were

greater in the 75% area than in other areas. Species composition was more

similar between 50% and 75% areas {PS = 64%) than between either the

0% and the 50% areas {PS = 33%) or the 0% and the 75% areas {PS =

26%). Abundances of all species combined and of ground-shrub foragers

were greater than expected in the 75% area and lower than expected in

0% and 50% areas (Table 3). As in winter (Table 1), abundance of trunk-

bark foragers did not vary from expected among areas. Abundance of

sallier-canopy foragers differed among areas, being greater than expected

in the 0% area and less in the 75% area.

Within the 50% area, abundance of all species combined was greater
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than expected in 2- and 12-year-old oak (G’s = 4.9, df = P < 0.05)

but less than expected in uncut oak bordered by older clear-cut plots {G
= 26.4, df= 1,P< 0.001). Abundance of trunk-bark foragers was higher

than expected in uncut aspen bordered by younger clear-cut plots {G =

10.4, df = 1, P < 0.001) and lower in 2-year-old {G = 11.3, df = P <
0.00 1). Abundance ofground-shrub foragers also was higher than expected

in 2- and 1 2-year-old oak (G’s > 6.4, df= \ ,P < 0.05), whereas abundance

of this guild was lower in both uncut oak habitats (plots C and D) (G’s

> 6.5, df = 1, P < 0.05). However, abundance of sallier-canopy foragers

did not vary among habitats {G = 7.5, df = 3, P > 0.05).

Within the 75% area, abundance of all species combined was greater

than expected in 8-year-old aspen {G = 5.0, df = P < 0.05) and lower

than expected in uncut oak bordered by younger clear-cut plots {G = 5.9,

df = 1, P < 0.05). Abundances of both trunk-bark and sallier-canopy

foragers were lower in 8-year-old aspen (G’s > 4.0, df = \, P < 0.05)

versus higher in uncut aspen (G’s > 6.7, df = \, P < 0.01); abundance

ofsallier-canopy foragers also was lower than expected in 2-year-old aspen

(G = 20.1, df = 1, P < 0.001). In contrast, abundance of ground-shrub

foragers was greater than expected in 8-year-old aspen but lower in uncut

aspen (G’s > 14.1, df = 1, P < 0.001).

Population abundance. —Of 38 species observed in the three areas dur-

ing breeding seasons 1987-1989, four (1 1%) species were of high impor-

tance, and 17 (45%) each were of moderate or low importance (Table 4).

The four high-importance species were ground-shrub foragers; three of

these species (Common Yellowthroat, Rufous-sided Towhee, and Gray
Catbird) were encountered more often than expected in the 75% area and
were absent from the 0% area. The remaining high-importance species,

the Ovenbird, occurred more often than expected in the 0% area.

Abundances of six species classified as moderate in importance differed

from expected among the three areas (Table 4). Three species, each in the

ground-shrub foraging guild (Golden-winged Warbler, Field Sparrow, and
Chestnut-sided Warbler) were found more often than expected in the 75%
area. A sallier-canopy forager, the Red-eyed Vireo, occurred more than

expected in the 0% area. Abundances of two trunk-bark foragers. Black-

capped Chickadees and Tufted Titmice, differed significantly from ex-

pected in the 50% area, with the former species observed less than expected

and the latter more than expected.

Within the 50% area, abundances ofCommon yellowthroats and Gray
Catbirds were much greater than expected in 2-year-old oak (G = 12.5,

df = 1, F < 0.001) and 12-year-old oak (G = 16.6, df = 1, P < 0.001),

respectively. Moreover, these two ground-shrub foragers occurred less



Yahner • EFFECTS OF FOREST CLEAR-CUTTING ON BIRDS 247

often than expected in both uncut oak habitats (G’s > 4.0, df = \, P <
0.05).

Within the 75% area, abundance ofCommon Yellowthroats was greater

than expected in 8-year-old aspen (G = 21.4, df = 1, P < 0.001) but lower
in uncut aspen (G = 25.5, df= 1, P < 0.001). Abundance ofGray Catbirds

was greater than expected in 12-year-old aspen (G = 9.2, df = 1, P <
0.001) versus lower in 2-year-old aspen or uncut aspen (G’s > 5.1, df =

K P < 0.05). Ovenbirds more frequently occurred in uncut aspen (G =

8.3, df = 1, P < 0.001) but less often in 2- or 8-year-old aspen (G > 4.8,

df = I, P < 0.05). Field Sparrows were noted principally in 2-year-old

aspen (G = 13.7, df = 1, P < 0.001) but seldom in uncut aspen (G =
14.4, df = 1, P < 0.001). Furthermore, abundance of Chestnut-sided

Warblers was lower than expected in uncut aspen (G = 12.1, df = 1, P <
0 .001 ).

DISCUSSION

Wintering Bird Community

A trend in winter after both second (Yahner 1985) and third cutting

cycles at the Barrens Grouse HMA was similarity in avian abundance

among the three areas of forest clear-cutting. This supports the contention

that wintering bird communities in northerly latitudes may be less sen-

sitive to fragmentation resulting from clear-cutting than breeding com-
munities (Yahner 1 985), perhaps because wintering birds often form wide-

ranging, interspecific flocks (Yahner 1989). However, a somewhat lower

species richness in the 0% area compared to 50% or 75% areas may be

due to fewer plots sampled in the 0% area.

Abundance of wintering birds was comparable among the three areas,

perhaps because of small sample sizes. However, wintering birds more

often occurred in uncut habitats. This tendency for wintering birds to use

uncut habitats may be related to selection of favorable microclimatic

conditions while foraging (Yahner 1987, Petit 1989). For example, in the

50% area, uncut plots bordered by older clear-cut plots (plot D) may have

provided greater protection for birds against winter winds than either

clear-cut plots (plots A and B) or uncut plots bordered by younger clear-

cut plots (plot C) (Ranney et al. 1981, Saunders et al. 1991).

A second trend in winter subsequent to both second (Yahner 1986) and

third cutting cycles at the Barrens Grouse HMA was that the community

was comprised mainly of birds in the trunk-bark foraging guild. This guild

foraged extensively on rough-barked overstory trees (e.g., Quercus spp.,

P. rigida) in uncut habitats in all areas (Yahner 1987); rough-barked trees
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provided numerous crevices for arthropods, which are important food

for wintering birds (e.g., Brawn et al. 1982, Morrison et al. 1985). In

nearby ( < 1 0 km) irrigated forests, most wintering birds also were trunk-

bark foragers and used rough-barked trees as a preferred foraging substrate

(Rollfinke and Yahner 1990, Rollfinke and Yahner 1991).

The Black-capped Chickadee, a trunk-bark foraging species, was the

most important wintering species after both second (Yahner 1986) and

third cutting cycles. Chickadees typically are abundant in managed, east-

ern deciduous forests during winter (e.g., Conner et al. 1979, Yahner 1986,

Rollfinke and Yahner 1990). In contrast, two other trunk-bark foraging

species, the Downy Woodpecker and the White-breasted Nuthatch, were

well-represented after the second (Yahner 1986) but not after the third

cycle. I attribute this decline in importance of Downy Woodpeckers and

White-breasted Nuthatches after the third cycle to a reduction in extent

of uncut forest (e.g., see Casey and Hein 1983). Prior to the third cycle,

I predicted that abundance of these two species may decline with greater

forest clear-cutting at the Barrens Grouse HMA (Yahner 1985). In con-

trast, Robbins et al. (1989) found that relative abundances ofboth Downy
Woodpeckers and White-breasted Nuthatches were negatively correlated

to the amount of forest within a 2-km radius of sampling points in frag-

mented landscapes of Maryland.

The Golden-crowned Kinglet was scarce after the second cutting cycle

(Yahner 1986) but was important to the wintering bird community after

the third cutting cycle. I would have expected abundance of this trunk-

bark forager to be lowest after the third cycle with additional removal of

overstory trees via clear-cutting because Golden-crowned Kinglets gen-

erally feed in the upper canopy (Franzreb 1984, Rollfinke and Yahner

1991). However, the warm winter of 1988-1989 may have played a major

role in abundance patterns of kinglets subsequent to the third cycle. Mean
ambient temperature in January 1 989 (—1 .0°C) was higher than in January

1988 (— 6.5°C) or compared to a normal January (— 3.1°C) (Penn State

Weather Observatory, University Park, Pennsylvania). Root (1988) ob-

served that abundance of Golden-crowned Kinglets in northerly regions

was highest where January temperatures typically remain above freezing.

A third trend in the wintering avian community subsequent to both

second (Yahner 1986) and third cycles was a relative lack ofground-shrub

foraging species. I suspect that species foraging at or near ground level

were uncommon or absent during winter because of a scarcity of weed
seeds as a food resource (Yahner 1986). Conversely, in nearby (< 10

km) irrigated forests, seeds ofherbaceous vegetation were abundant, there-

by resulting in high numbers of wintering ground-shrub foragers, such as
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White-throated Sparrows and Northern Cardinals (Rollfinke and Yahner
1990).

Despite the paucity of ground-shrub relative to trunk-bark foraging

species in winter, two ground-shrub foragers, the Ruffed Grouse and the

American Tree Sparrow, became moderately important {IV > 50) after

the third cutting cycle. Because both grouse and tree sparrows prefer edges

or brushy vegetation (Gullion 1977, Root 1988), I attribute this increased

importance of the two species to greater availability of early successional

vegetation created by clear-cutting in the third cycle. On the treated sector,

total percentage of clear-cut plots and, hence, availability of brushy veg-

etation, nearly doubled from the second (36%) to the third cycle (61%).

Moreover, length of edge habitat (i.e., junction of two plots of different

age) increased about 2- and 1.5-fold in 50% and 75% areas, respectively,

from second to third cycles (Yahner 1992).

Breeding Bird Community

Breeding bird diversity is largely a function of habitat diversity (Roth

1976, Yahner 1986). Hence, greater species richness on the treated than

on the reference sector during breeding seasons subsequent to the third

cutting cycle was expected with the creation of a checkerboard mosaic of

small, different-aged stands via clear-cutting (after Yahner 1984, Thomp-
son and Capen 1988).

Conner et al. (1979) suggested that the effects of forest clear-cutting on

avian communities vary with season, serai stage, and bird species. Sim-

ilarly, I have shown that the influence of extent of forest clear-cutting on

avian communities not only differs seasonally (e.g., winter versus breeding

season) but also with guilds or bird species (e.g., S of trunk-bark versus

ground-shrub foragers among the three areas). However, changes in abun-

dance patterns of individual species may not always be related to extent

of habitat fragmentation resulting from forest clear-cutting. For example,

although abundances of Black-capped Chickadees and Tufted Titmice are

reported to differ with degree of fragmentation (e.g., Robbins et al. 1989),

abundances of these two species varied from expected in the 50% area

(lower in chickadees versus higher in titmice) as a possible consequence

of interspecific competition. Survivorship and recruitment of Black-capped

Chickadees are lower when chickadees are sympatric with titmice (Loery

and Nichols 1985)

Ground-shrub foragers comprised the major guild in the breeding sea-

sons after both second (Yahner 1986) and third cutting cycles. I attribute

similarities in species richness of the ground-shrub foraging guild between

50% and 75% areas to the availability of early successional habitats and
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associated microenvironments for a variety of bird species (after Willson

1974, Thompson and Capen 1988, Derleth et al. 1989). However, abun-

dance of the ground-foraging guild was higher in the 75% than the 50%
area, perhaps because the 75% area contained a greater proportion of

clear-cut stands with low-lying, brushy vegetation for nesting and foraging

(Yahner 1987, 1991). In particular, the three species with the highest

importance to the breeding bird community (Common Yellowthroats,

Rufous-sided Towhees, and Gray Catbirds) were most abundant in the

75% area and are adapted to brushy vegetative conditions (e.g., Yahner

1986). Of these three species, the Common Yellowthroat was the most

abundant after the third cycle, whereas the Rufous-sided Towhee pre-

dominated after the second cycle (Yahner 1986). Common Yellowthroats

are one of the best “indicator” species of brushy vegetative conditions

(Sedgwick and Knopf 1987). Golden-winged Warblers and Field Spar-

rows, which were species of moderate importance, were most common
in the 75% area; both species are characteristic of brushy, open-canopy

habitat (e.g., Casey and Hein 1983, Yahner 1986). I believe that increased

numbers of Common Yellowthroats, as well as those of Golden-winged

Warblers and Field Sparrows, after the latter cycle, especially in the 75%
area, resulted from additional early successional habitat provided by clear-

cutting.

Abundances of the sallier-canopy foraging guild and representative spe-

cies (e.g.. Red-eyed Vireos and Eastern Wood-Pewees) were higher on the

reference than the treated sector because the reference sector contained

extensive closed canopy and relatively open understory for foraging and
nesting (e.g., Maurer et al. 1981, Thompson and Capen 1988). Conversely,

I attribute greater S in the 50% area partially to the occurrence of less

abundant sallier-canopy foragers (e.g.. Northern Orioles and Cedar Wax-
wings) in 2-year-old oak habitat (Yahner, unpubl. data). This habitat was
characterized by open canopy interspersed with scattered overstory trees

{N = 10-20 overstory trees/ha), which were retained by the Pennsylvania

Game Commission as “seed” trees in the third cutting cycle.

Two neotropical migrants, Ovenbirds and Red-eyed Vireos, apparently

were more sensitive to increased clear-cutting, based on significantly great-

er abundances in the 0% zone after the third cycle and compared to

abundances after the second cutting cycle (Yahner 1986). The impact of

forest fragmentation on area-dependent species has been given consid-

erable attention in recent years because ofconcerns for regional population

declines (e.g., Galli et al. 1976, Whitcomb et al. 1981, Robbins et al.

1989). In an earlier study, I proposed that a third cutting cycle could

negatively affect the abundance of insectivorous, long-distance migrants

(Yahner 1984) that are typical of mature rather than early successional
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habitats (e.g., Butcher et al. 1981, Thompson and Capen 1 988). Thompson
et al. (1992) noted that populations of Scarlet Tanagers and Red-eyed
Vireos were reduced in forests managed by clear-cutting compared to

mature forests with no recent timber harvest. However, Derleth et al.

(1989) found that presence of scattered, small clear-cut stands (1-8 ha)

did not have an effect on abundance of various species of forest birds,

including Red-eyed Vireos.

Subsequent to the third cutting cycle, I noted a tendency for area-

dependent forest birds, such as Ovenbirds, Red-eyed Vireos, and Wood
Thrushes, to recolonize and nest in 12-year-old clear-cut habitats in 50%
(plot A) and 75% areas (plot A). In contrast, after the second cycle, these

species were absent or scarce in clear-cut habitats (< 1 0-years-old) (Yahner

1986). Thus, any negative effect of increased clear-cutting of small forest

stands on abundance and distribution of area-dependent, forest bird spe-

cies may be short-term; once vegetation in clear-cut stands matures, ad-

equate foraging and nesting sites become available for these species. My
current research at the Barrens Grouse HMA is designed to examine the

effects of plant succession on avian recolonization of cut habitats on the

treated sector with no additional fragmentation via clear-cutting.

I conclude that forest clear-cutting that creates a mosaic of small ( 1 ha)

even-aged stands for Ruffed Grouse habitat does not have a detrimental

long-term effect on most species of breeding and wintering forest birds

on a localized basis. Moreover, I have observed that nesting success (52%)

of breeding birds on the treated sector of the Barrens Grouse HMA was

comparable to that reported in other studies conducted in managed or

altered landscapes (Yahner 1991).
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THE INFLUENCE OF GROVE SIZE ON BIRD SPECIES

RICHNESS IN ASPEN PARKLANDS

Brian W. Johns *

Abstract.—The abundance and diversity of avifauna within 27 aspen {Populus tremu-

loides) groves in Saskatchewan parklands were correlated significantly with grove size. Spe-

cies richness of both edge and forest dwelling species were each correlated significantly with

area. Species richness of insectivores was correlated strongly with area, whereas for omni-

vores it was not. Migratory strategy was correlated with size of grove; species richness of

permanent residents had the weakest correlation whereas long-distance migrants had the

strongest. The densities of 1 5 bird species were correlated positively with area, densities of

four species were correlated with isolation, three of those negatively and one positively, and

the density of one species was correlated with both. Aspen groves as small as 1.2 ha may
be essential for some species breeding in Saskatchewan parklands. Received 16 June 1992,

accepted 1 Dec. 1992.

Studies ofNorth American bird populations demonstrate that diversity

of species and abundance of individuals in aspen forests generally are

greater than in most other habitats (Wintemitz 1980). Breeding Bird

Survey data indicate that species diversity in aspen parklands ranks eighth

out of 95 different physiographic regions (Robbins et al. 1986). The aspen

parklands of Saskatchewan constitute an ecotone between boreal forest

and grassland (Bird 1961), and the high diversity of avian species in the

parklands may be partly related to their ecotonal nature.

It has been demonstrated that avian density (Askins et al. 1987, Blake

and Karr 1987) and species richness or diversity (Whitcomb et al. 1981,

Freemark and Merriam 1986, Askins et al. 1987, Blake 1991) are influ-

enced by area of breeding habitat. Since aspen groves are being reduced

in size or eliminated to supply the demand for agriculturally productive

land, it is essential to develop a predictive capability that can be used to

guide habitat management strategies. The objective of this study was to

determine the relationship between aspen grove size and bird species

richness in a naturally fragmented habitat, the aspen parklands of central

Saskatchewan, Canada. This information will help managers to predict

which species may exhibit area sensitivity (i.e., extirpation from a given

size range of aspen groves) as breeding habitat is reduced and further

fragmented.

STUDY AREA AND METHODS

Study area.—The study was conducted in a 3500-km2 area centered on Saskatoon, Sas-

katchewan (about 52°05'N, 106°40'E). The physiography of the area ranged from sandhill

' Canadian Wildlife Service, 1 15 Perimeter Road, Saskatoon, Saskatchewan S7N 0X4, Canada.
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AREA OF GROVE (hectares)

I species ^ density

Fig. 1. Relationship between aspen grove size and species richness and density of birds

in Saskatchewan, 1984-1986.

complexes to rolling moraine (Richards and Fung 1969). On the southern edge of the

parklands, the aspen forest diminishes into discrete groves surrounded by remnant spear-

wheat grass {Stipa comata-Agropyron sp.) and rough fescue {Festuca altaica hallii) grassland

and cultivated fields (Maini 1960).

Within the groves, trembling aspen (Populus tremuloides) dominated the canopy while

the shrub layer was dominated by aspen, rose {Rosa sp.), red-osier dogwood {Cornus sto-

lonifera), beaked hazelnut {Corylus cornuta), saskatoon {Amelanchier alnifolia) and choke

cherry (Prunus virginianum). The ground layer was composed primarily of rose, western

snowberry {Symphoricarpos occidentalis), grasses {Poa spp., Bromus spp.), wild sarsaparilla

{Aralia nudicaulis), and northern bedstraw {Galium boreale).

Methods. —

\

randomly selected 27 aspen groves 0.04 ha to 36.7 ha in size. Groves as-

sociated with wetlands and those subjected to heavy grazing pressure were excluded. I used

the unlimited radius point count technique (Whitcomb et al. 1981) to census birds. Bird

census points were establsihed near the center of each grove. Three 20-min visits were made

to every point in each of the three breeding seasons (May 26-4 July of 1984, 1985, and

1986). During each census, all birds seen or heard were recorded. Point counts can accurately

estimate bird density and diversity in the vicinity of the survey point (Whitcomb el al. 1981)

but not necessarily over the entire aspen grove. The area of each study grove was measured,

as well as the area and distance to all other groves within 1 km of the study grove. These

data were applied to an isolation coefficient described by Whitcomb et al. (1 98 1) to measure

the relative isolation of each study grove.

The few records of Ruffed Grouse {Bonasa umbellus) were omitted from the calculation

of species richness because drumming by male grouse had ceased by the time the censuses

began. Six species of raptors as well as two corvids also were not included because their
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AREA OF GROVE (hectares)

INTERIOR SPECIES EDGE SPECIES m INTERIOR/EDGE SPECIES

Fig. 2. Relationship between aspen grove size and interior, interior/edge and edge species

in Saskatchewan, 1984-1986.

territories were so large that they may have occupied several groves of various sizes. This

left a pool of 4 1 breeding species that were used to calculate species richness.

Bird species were grouped according to three life history categories: preferred breeding

habitat, foraging strategy, and migratory status. Habitat preference categories (Freemark and

Merriam 1986, Askins and Philbrick 1987, Faanes 1987, and personal observations from

Saskatchewan) included: edge species (E = territories in aspen grove edges); forest interior-

edge species (I/E = territories in both interior and edge habitats); and forest-interior species

(FI = territories usually confined to the interior portions of the grove). Divisions within the

foraging category (Blake 1983) were omnivore, insectivore, granivore, and nectarivore-

frugivore. Migratory status (Whitcomb et al. 1981, Freemark and Merriam 1986, Askins

and Philbrick 1987) included permanent residents (PR == species that remain in Saskatch-

ewan throughout the entire year), short-distance or U.S. migrants (SDM = species wintering

in the southern United States and northern Mexico), and long-distance or Neotropical

migrants (LDM = wintering in tropical or subtropical regions).

I used stepwise multiple regression (SAS stepwise regression program, SAS Inst. 1985) to

analyze relationships between community or species level responses of birds to area and

isolation.

RESULTS

Area and isolation.— \n my study area, grove isolation was generally

negatively related to an increase in area of groves {P < 0.0001). Small

aspen groves tended to be highly isolated from their nearest neighbor as

well as from large groves, whereas large groves (> 10 ha) were less isolated

from other groves.
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Fig. 3. Relationship between aspen grove size and insectivorous and omnivorous species

of birds in Saskatchewan, 1984-1986.

Species richness and abundance. —Fifty species of birds were recorded

from the 27 aspen groves studied during the breeding seasons of 1984

(39 species), 1985 (42 species), and 1986 (46 species), respectively. Among
the study groves, grove area was a significant predictor of total species

richness (r^ = 0.6 1 9; P < 0.000 1 ;
Fig. 1 ). Grove area was also a significant

predictor of breeding pair density (r^ = 0.602; P < 0.0001; Fig. 1).

Habitat preference.— Forest interior species were dependent on both

grove size and isolation {r^ = 0.469; P < 0.0001). Interior/edge species

were related to grove area (r^ = 0.738; P < 0.0001; Fig. 2). Species

preferring edge habitat were also related (P < 0.0001) to area; however,

the relationship was not as strong (H = 0.307) as that exhibited by interior

or interior/edge species (Fig. 2). Edge species were more common in the

community up to a grove size of 1 3.2 ha, but were outnumbered by forest

species in most groves over 1 7 ha.

Foraging guilds. — There was no significant increase in omnivore species

richness over the size range of groves studied (H = 0.227; P < 0.001)

(Fig. 3). There was a shift in species richness from an omnivore-dominated

community in most groves less than 0.2 ha in size to an insectivore-

dominated community at grove sizes >0.5 ha. Insectivore species richness

increased significantly (r^ = 0.693; P < 0.0001) with an increase in grove
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Fig. 4. Relationship between aspen grove size and U.S. migrants, Neotropical migrants

and permanent residents in Saskatchewan, 1984-1986.

area (Fig. 3). Since nectarivore-frugivore and granivore guilds each con-

tained only two species, regression analysis was not attempted.

Migratory status.—Tht number of species of Neotropical and U.S.

migrants and permanent residents each increased significantly {P < 0.000 1)

with area (Fig. 4). The Neotropical migrants exhibited the strongest re-

lationship (r^ = 0.64 1) with U.S. migrants and permanent residents having

the weakest (r^ = 0.312 and r^ = 0.328, respectively) (Fig. 4).

Responses of individual — Individual species’ responses were

calculated for 3 1 species of birds; fifteen of those showed a significant

increase with an increase in grove area (see Table 1). One species, the

Clay-colored Sparrow (scientific names in Table 1) showed a significant

increase with increased isolation while three other species, Veery, Ov-
enbird and Connecticut Warbler demonstrated a significant negative trend

with increased isolation. The local density of Least Flycatcher was related

to both area (+) and isolation (— ) (Table 1).

Several species of birds appeared to have a minimum grove size re-

quirement before a grove was occupied; other species were ubiquitous,

being present throughout the size range of groves studied (Fig. 5). The
Clay-colored Sparrow was ubiquitous while the Hermit Thrush was pres-

ent only in groves larger than 24 ha. Species such as the Northern Oriole

and Hairy Woodpecker were present in groves of at least 1.2 ha (Fig. 5).
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Table 1

Species Relationships with Area and Isolation of Aspen Parkland Birds

Species Predictor

Mourning Dove {Zenaida macroura) AREA 0.53****

Black-billed Cuckoo {Coccyzus erythropthalmus) AREA 0.28*

Ruby-throated Hummingbird {Archilochus coluhris) — NS
Yellow-bellied Sapsucker {Sphyrapicus varius) — NS
Downy Woodpecker {Picoides puhescens) AREA 0.28*

Hairy Woodpecker {P. villosus) AREA 0.34**

Northern Flicker {Colaptes auratus) — NS
Least Flycatcher {Empidonax minimus) AREA Q -^Q****

AREA, -ISOL 0.72****

Great-crested Flycatcher {Myiarchus crinitus) AREA 0.29**

Black-capped Chickadee {Parus atricapillus) AREA Q

House Wren {Troglodytes aedon) AREA 0 52****

Mountain Bluebird {Sialia currucoides) — NS
Veery {Catharus fuscescens) -ISOL 0.53****

American Robin {Turdus migratorius) — NS
Gray Catbird {Dumetella carolinensis) — NS
Brown Thrasher {Toxostoma rufum) — NS
Cedar Waxwing {Bombycilla cedrorum) AREA Q

European Starling {Sturnus vulgaris) — NS
Warbling Vireo {Vireo gilvus) AREA 0.51****

Red-eyed Vireo {V. olivaceus) AREA Q yQ****

Yellow Warbler {Dendroica petechia) — NS
American Redstart {Setophaga ruticilla) AREA 0.29**

Ovenbird {Seiurus aurocapillus) -ISOL 0.50****

Connecticut Warbler {Oporornis agilis) -ISOL 0.26*

Rufous-sided Towhee {Pipilo erythrophthalmus) AREA 0.39***

Clay-colored Sparrow {Spizella pallida) ISOL 0.24*

Vesper Sparrow (Pooecetes gramineus) AREA 0.28*

Brown-headed Cowbird {Molothrus ater) AREA 0.33**

Northern Oriole {Icterus galbula) AREA 0.63****

American Goldfinch {Carduelis tristis) — NS

“ Results of stepwise multiple regression, * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001.

DISCUSSION

Spatial niche requirements vary among bird species, each species re-

sponding to a particular combination of habitat features, and different

responses to variations in aspen grove size therefore were expected. Hab-

itat size often is linearly and positively related to number of species

(Forman et al. 1976). Several investigators (Vuilleumier 1970, Moore and

Hooper 1975, Anderson and Robbins 1981, Kitchener et al. 1982, Free-

mark and Merriam 1986) found that the number of bird species increased

with the size of the forest “island”. Others (Robbins 1979, Whitcomb et

al. 1 98 1) conclude that only Neotropical migrants (generally forest species)



262 THE WILSON BULLETIN • Vol. 105, No. 2, June 1993

SPECIES

Clay-colored Sparrow
Vesper Sparrow

Brown-headed Cowbird

House Wren
Least Flycatcher

Cedar Waxwing
Black-cap. Chickadee

Red-eyed Vireo

Warbling Vireo

Northern Oriole

Mourning Dove
Downy Woodpecker
Hairy Woodpecker

Black Billed Cuckoo
Great Cr. Flycatcher

Connecticut Warbler

Ovenbird

Rufous-sided Towhee
Veery

American Redstart

Hermit Thrush

0.04 0.1 0.3 1 3 10 30

GROVE SIZE WHERE SPECIES OCCURS (hectares)

Fig. 5. Species use of aspen groves in Saskatchewan, 1984-1986.

show an increase of species diversity and total density as a function of

patch area. Correlation between area and species richness may be partly

a consequence of increased habitat diversity which increases the chance

of a species encountering suitable habitat in larger areas. Lynch and
Whigham (1984) found bird abundance related to area, isolation, struc-

ture, and floristics or combinations of these elements. They concluded

that, for many species, structural and floristic characteristics were more
important than stand size. In this study, groves in the 1.4 ha size range

had a higher-than-expected species richness. This increased richness may
be partly explained through further examination of vegetative character-

istics within the groves.

My study indicates that aspen grove size influences the composition of

the bird community. In Saskatchewan parklands, small groves are dom-
inated by short-distance migrating omnivores that prefer edge habitat,

whereas large groves tend to be dominated by long-distance migrating

insectivores that live in the interior portions of aspen stands. These data

are consistent with those of Forman et al. (1976) and Blake and Karr

(1984) studying artifically fragmented habitats.

With the continuing impacts upon aspen forest habitat in the parklands,

it will be necessary to preserve key landscapes in order to maintain bird
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species richness. Any reduction in size of aspen groves may be as detri-

mental to area-sensitive species as total removal of that habitat. Since

large groves are sparse in the southern parklands, we should strive to

preserve those that remain.

This does not imply that smaller groves are unimportant. Beginning at

a grove size of 1.2 ha there is a marked increase in bird species richness

over that of smaller groves. These smaller groves (<1.2 ha), although not

used extensively for breeding, should be maintained to provide corridors

or rest stops for species’ dispersal (Blake 1986) during migration to the

larger woods, and small groves left untouched should develop into larger

groves in time. The effects of size and isolation of aspen groves on bird

populations should be considered in future landscape planning.
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MIGRATING BIRDS AT A STOPOVER SITE IN THE
SAINT CROIX RIVER VALLEY

A. R. Weisbrod,'-^ C. J. Burnett,' J. G. Turner,'-^ and
Dwain W. Warner^

Abstract.—We captured 16,527 birds in five habitats at Sandrock Cliff, Saint Croix

National Riverway, during spring and fall of 1985, 1986, and 1987. Nearctic-Neotropic

migrants comprised 66% of the 118 species captured. They comprised the majority of

individuals taken in spring (82.5%), autumn (68.9%), and overall (72.7%). Nearctic-Neo-

tropic migrants averaged 1 5 weeks between median capture dates, arriving later in spring

and departing earlier in fall than temperate zone migrants. The latter spend about 20 weeks

elsewhere between median capture dates. Differences in spring and fall capture rates in five

habitats suggests birds shift habitat use seasonally. Received 11 May 1992, accepted 25 Nov.

1992.

The biological community and habitat requirements of long distance

avian migrants along their regular annual migration routes are known
poorly, and the relative importance of particular habitats to the migrating

populations remains to be determined. Most observers are aware that

survival of migrating populations is dependent both upon successful re-

production during the northern summer season and a successful non-

breeding wintering period in the tropics. It also appears the non-breeding

portions of the long distance migrants’ life cycles are as critical to survival

of the population as the reproductive periods (Recher 1966, Rappole et

al. 1983, Berthold and Terrill 1991). Because similar economic and tech-

nological pressures exist for both regions, one may assume reasonably

that North American habitats used during annual migrations may suffer

reduction and fragmentation similar to that occurring in tropical America

(see Robbins 1979, Robbins et al. 1989, Terborgh 1989, Finch 1991).

The elimination of habitats necessary for resting or replenishment during

migration could adversely affect migrating individuals, because morpho-

logical adaptations limit the habitats where resources are used efficiently

(Parnell 1969, Bairlein 1992). Constraints on habitats used during mi-

grations may also be imposed by predation potential and other environ-

mental stresses (Moore and Simon 1992). Consequently, we undertook a

descriptive study of migration and habitats at a stopover site used by

migrating birds in the Saint Croix River Valley in Minnesota during 1 985-

1987. Here we summarize our findings.

' Spring Creek Field Laboratory, USDI-National Park Service, Marine On Saint Croix, Minnesota 55047.
2 Bell Museum of Natural History, University of Minnesota, Minneapolis, Minnesota 55455.

^ Present address: Forestry Sciences Laboratory. USDA-Forest Service, Fresno, California 93710.
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METHODS

The Saint Croix River lies near the center of North America, where it forms part of the

boundary between Minnesota and Wisconsin, connecting the Lake Superior basin with the

Mississippi River (Ojakangas and Matsch 1982). This valley encompasses diverse biotic

communities with boreal elements along the northern reaches of the river, and hardwood

forest species in the middle and prairie-savanna communities along the most southerly

reaches. The climate is characterized by warm summers and cold winters with a mean annual

temperature of 5.5°C and an annual range of 85°C, while precipitation (melted) varies from

more than 100 cm in the north to about 70 cm in the south (Graczyk 1986). Sandrock Cliff

is a semi-remote site amid abandoned river channels and extensive forest lands logged

during the 19th Century. It is in the Saint Croix National Riverway at river km 146

(45°47'30"N, 92°45'30"W), Burnett County, Wisconsin. An alder swale, a conifer swamp,

an island floodplain forest, a pine barren forest, and an upland hardwood forest were selected

as five primary habitats for study during spring and fall of 1985, 1986, and 1987. The upland

hardwood forest site was eliminated after 1985. It was replaced by a sedge fen habitat in

1986 and 1987 (Table 1). Unusually dry conditions dominated the weather beginning in

fall 1986 and developed into a severe drought by summer and fall 1987 (see Blake et al.

1992). A companion site at Valley Creek, 100 km due south along the Saint Croix River,

was operated from 1984 through 1986 (see Winker et al. 1992).

We designated each selected habitat by its dominant woody vegetation. Alder swale is a

40-year-old alder (Alnus rugosa) and willow (Salix spp.) thicket, 3-^ m high, on a former

channel sandbar paralleling the present river channel for 0.6 km. Conifer swamp is a 140-

year-old stand of 9-20 m high swamp conifers {Larix laricina, Picea spp., Abies balsamea)

and moisture tolerant hardwoods (Betula alleghaniensis, Fraxinus spp.) occupying a 0.7

km-long abandoned oxbow channel. Juvenile firs and spruces, numerous ferns, and bryo-

phytes abound amid standing water and boot-sucking quagmires that cover extensive areas.

Floodplain forest is a 105-year-old riparian forest occupying a 0.4 km-long island subject

to spring flooding. Basswood (TzV/a americana), hackberry (Celtis occidentalis), ash {Fraxinus

spp.), and elm (Ulmus spp.) are the common canopy trees in floodplain forest, with a dense

summer ground cover of ostrich ferns {Matteuccia struthiopteris) and numerous graminoids.

Pine forest is an 85-year-old stand ofpines (Pinus banksiana, P. resinosa) and aspen {Populus

grandidentata) on well-drained, sandy soils. There is a dense understory ofhazelnuts {Corylus

spp.), grey dogwood {Cornus racemosa) and various brambles {Rubus spp.). Upland forest

is an 80-year-old hardwood forest comprised of oaks {Quercus spp.), ironwood {Ostrya

virginiana), and aspens {Populus spp.) on a ridge paralleling the river for nearly 1.5 km.

Sedge fen, adjacent to conifer swamp in an old oxbow channel, is an open expanse consisting

of 0.5 m high hummocks of various graminoid species {Carex spp., Phalaris spp.) and

scattered clumps of small alders {A. rugosa) and willows {Salix spp.). Standing water is

present both spring and fall. These six habitats are typical of the tension zone in the middle

reaches of the Saint Croix River Valley (see Curtis 1959).

A Brunton pocket transit, metric chain tapes, a Suunto clinometer, and range finders were

used to establish net-lanes and lay out net-lane grids. Subsequently, a total of 0.6 ha veg-

etation sample areas were examined for each habitat. Plant species, stand age, vegetation

structure, physical topograpy, and substrate were recorded for habitats, following a modified

releve (Mueller-Dombois and Ellenberg 1974) in which two semi-circle 0.025 ha plots (r

= 12.6 m) were centered on each net-lane, one on either side of the excluded 2 m wide net-

lane, totaling 0.05 ha for each net sampling area. Surface vegetation, vegetation character-

istics, and substrate were recorded in two randomly selected 1 m^ quadrats within each

semi-circle plot. Increment borers and metric diameter tapes were used for tree data. Each

habitat was marked with permanent numbered metal stakes at the end of the study in the

fall of 1987.
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Twelve mist nets (12 m x 2.6 m, 30 mm mesh) were placed in surveyed 210 m x 102

m grids comprising two parallel rows of six nets within each selected habitat. The 12 mist

nets in alder swale were placed in a single line because it was less than 102 m wide along

most portions. All nets were oriented 90° by 270° (magnetic) and placed at measured 30 m
intervals, with at least 30 m to the nearest habitat edge. Thus, the minimum habitat size

sampled was approximately 2.1 ha. Each habitat and net was identified by an alphanumeric

sequence throughout the study, enabling specific site identification. Nets were operated daily

from 0.5 h before dawn to 0.5 h after sunset from 3 to 31 May 1985, 28 April to 29 May
1986, and 27 April to 28 May 1987 in the spring (Julian dates 123-151, 118-149, 117-

148) and 20 Aug. to 22 Sept. 1985, 18 Aug. to 25 Sept. 1986, and 17 Aug. to 28 Sept. 1987

in the fall (Julian dates 232-265, 230-268, 229-271). Starting and ending dates were de-

termined primarily by logistic and funding factors. Nets were placed in the same position

in each net-lane each season. The overall sampling effort was 35 and 43 days spring and

fall, respectively. Nets were checked at 1.5 h intervals during operation. They were closed

only during severe inclement weather or for rare logistic considerations. Night-time captures

were uncommon. The 60 mist nets were operated simultaneously for a total sampling effort

of 168,189 net-h for all habitats spring and fall 1985 through 1987 (Table 1). Mist net

sampling does have biases affecting data attributes (Karr 1979, 1981), but since these biases

are consistent each season and year throughout the study, our comments are limited to those

birds for which we have data records.

Captured birds were identified to species, sex, and age by visual and manual examination.

A series of additional measurements and observations was recorded for each bird, including

collecting ectoparasites (see Weisbrod and Johnson 1989). The birds were banded with U.S.

Fish & Wildlife Service bands and usually released within 0.5 h ofcapture. Field data records

were transcribed directly onto laboratory personal computer systems each fall and winter

following the field season. The observations presented here are based only on first capture

data. Scientific and common names for bird species are provided in Appendix I.

RESULTS

We captured 16,527 birds representing 118 species during six seasons

at Sandrock Cliff, of which 4645 birds (97 species) were taken in spring

and 1 1,882 (105 species) were captured in fall (Appendix I). Eighty-four

(70.2%) species were common to both seasons; 1 3 restricted to spring and
21 species to autumn. Over one-third of the species captured (37.3%) had
less than 10 individuals taken during the three-year-period and these
species accounted for less than 1% of all individuals recorded. The re-

maining 74 species accounted for 99% of all captures, and 58.3% of all

birds taken are attributable to only 12 of those species (Appendix I).

Nearctic-Neotropic migrants constituted 66.1% (78/118) of all species
captured at Sandrock Cliff (Appendix I). This percentage closely reflects

the relative number of Nearctic-Neotropic species (199/312) recorded
from the Saint Croix Valley (see Janssen 1987, Robbins 1991). The re-

maining species include year-round residents (10.1%) and those largely

wintering elsewhere within the United States (23.8%). Nearctic-Neotropic
migrants comprised the majority ofindividuals taken in the spring (82.5%),
in the fall (68.9%), and overall (72.7%). The percentage differences be-
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tween spring and fall Neotropic migrant first captures indicate our spring

mist-netting period included most of the Neotropic migrant passage, but

the fall netting period began after their autumnal passage was underway
(Fig. 1). Clearly, Nearctic-Neotropic migrants comprise an important

component of the Saint Croix River Valley’s terrestrial avifauna and
consequently, long term population changes may affect the Saint Croix

Valley avifaunal communities in the coming decades. Holmes et al. ( 1 986)

have noted such trends at Hubbard Brook Forest in New Hampshire.

Nearctic-Neotropic migrants constitute 6 1.5% (8/13) of the species taken

only in spring and 61.9% (13/21) of those species taken only in the fall.

Most species taken in only one season were larger, nocturnal species (e.g.,

rapters, caprimulgids) or rarer species (e.g., Acadian Flycatcher, Cerulean

Warbler, Louisiana Waterthrush) nearing the limits of their continental

distribution. However, several species exhibit marked differences in first

captures between the two seasons. Some species more commonly en-

countered in spring than fall (e.g., Golden-winged Warbler, Yellow War-
bler, and Indigo Bunting) may have divergent spring and fall migration

routes. Alternatively, these species may spend relatively less time on their

breeding grounds, arriving later or departing earlier than our netting pe-

riod encompassed, so that our sampling efforts missed segments of their

populations. Encountered in the fall along the Saint Croix River but rarely

in the spring are other species, such as Tennessee Warbler, Cape May
Warbler, Black-throated Green Warbler, Bay-breasted Warbler, and

Blackpoll Warbler (Appendix I). Both Janssen (1987) and Robbins (1991)

report these species as fairly common spring and fall migrants throughout

the region, and therefore our lack of spring captures is puzzling.

The temporal passage of migrating species over a point on the earth’s

surface varies as a function of many biotic and abiotic factors. We esti-

mated approximate passage times for all species in which > 10 individuals

were captured at Sandrock Cliff over the six seasons by determining

median capture dates (when half of a season’s first captures occurred for

a given species). Our sampling period did not encompass the entire tem-

poral range of some species in transit. However, a goodly number of

individuals from many species were encountered, and with the under-

standing there were outliers in the temporal distribution of some, rea-

sonable estimates can still be made (Fig. 1). Peak numbers of birds cap-

tured (N > 10) in spring at Sandrock Cliff occurred during the middle of

May, with a median rapture date of 16 May (Julian date 136). Neotropic

migrants had a median capture date of 18 May (Julian date 138). In

comparison, the short distance migrants (“temperate migrants’’), winter-

ing north of the tropics but mostly south of the winter snow line, had a

median capture date of 8 May (Julian date 128). The spring capture (N
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Fig. 1 . Distribution of first captures during spring (A) and fall (B) showing total number
of individuals caught during five-day time periods for 1985, 1986, and 1987 at Sandrock

Cliff (Saint Croix River km 146). Final period in fall lasted only three days. Star () denotes

time period of Neotropical migrant median capture dates. Square () denotes time period

of temperate migrant median capture dates. 1 May = Julian date 121,1 September = Julian

date 244.

> 10) median differs from Valley Creek, 100 km to the south, where

14 May (Julian date 134) was the median capture date (Winker et al.

1992). Autumn migrants show a similar divergence with median capture

dates of 1 Sept. (Julian date 244) for tropical migrants and 22 Sept. (Julian

date 265) for temperate migrants. The median capture date for all fall

captures was 6 Sept. (Julian date 249). The fall captures also differ by a

week from the more southerly Valley Creek site (see Winker et al. 1992),

with a median capture date for all species 31 Aug. (Julian date 243,

Appendix I).

Francis and Cooke (1986) noted that early arriving spring birds wintered

closer than birds arriving at later dates, and similarly in autumn, early

arriving migrants winter farther south than the later arriving migrants.
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We also found early spring arriving birds were more likely to be temperate

migrants and the later arrivals were more likely to be from the tropics.

In the fall, tropical migrants were usually encountered earlier than tem-

perate migrants. Some species, notably Yellow-bellied Flycatcher, Gold-
en-winged Warbler, Canada Warbler, and Indigo Bunting were elsewhere

for 12-13 weeks, presumably engaged in breeding activities, between me-
dian capture dates. In contrast Hermit Thrush, Gray-cheeked Thrush,

Orange-crowned Warbler, Palm Warbler, Lincoln’s Sparrow, and Swamp
Sparrow spent nearly 19-20 weeks between median capture dates (Ap-

pendix I). In general, we found that Nearctic-Neotropical migrants had

less time, 106 days (about 15 weeks), between spring and fall median
capture dates than did temperate migrants, 143 days (about 20 weeks).

In other words the spring and fall median capture dates of short distance

migrants “bracket” those of Neotropical migrants (Fig. 1).

Our observation of a shorter time period between Neotropic migrants’

spring and fall median capture dates indicates they spend less time on

their breeding grounds. Conversely, they devote a sizable portion of their

life cycles in transit between their northern breeding areas and southern

wintering areas. Recher (1966) has noted that many migrant species spend

up to 75% of their life cycles migrating and on wintering grounds. Our
data suggest some Neotropic migrants spend over 70% of the time else-

where between fall and spring captures (Appendix I).

Stopover habitat “use” at Sandrock Cliff displays seasonal variation

during this three year study (Figs. 2, 3). (We note that “use” in this context

is defined as presence in a habitat as indicated by first capture date. We
have no direct data pertaining to physiological states or behavior.) Among
the six habitats examined, alder swale had the greatest number of both

individual and species captures taken in spring and fall while pine forest

showed much greater rates in fall than spring. In contrast, the upland

forest showed virtually no difference between spring and fall captures and

generally had so few animals (< 1/day) either season that it was eliminated

from further consideration after the first year of study (Figs. 3, 4). All the

habitats, except the upland hardwood forest, showed normally expected

increases in captures from spring to fall. The pine barren forest particularly

exhibited a 5.4 fold increase in individual capture rates and 1.7 fold

increase in species taken from spring to fall (a significant difference, t
=

2.337, P = 0.019). Among the other habitats, the alders, fen, showed

significant difference between number of species taken spring and autumn

it
= 6.573 P = 0.003, t

= 3.703 P = 0.021, t
= 10.200 P = 0.012

respectively) but none was significantly different in the numbers of in-

dividuals taken between spring and fall over the three year period. Neither

the floodplain forest nor the upland forest showed significant changes in
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Fig. 2. The numbers of birds captured per 1000 net-h during spring (crosshatch) and

fall (diagonal) 1985, 1986, and 1987 in six habitats at Sandrock Cliff (Saint Croix River km
146). Data are for first captures only.

species composition or numbers taken between the seasons (Fig. 3). These

observations support both Berthold’s (1989) similar findings of habitat

use patterns among migrating European warblers and are consistent with

Winker et al.’s (1992) demonstration of seasonal capture differences in

habitats at Valley Creek, 100 km south along the Saint Croix River. It

seems probable that some long distance migrating birds use different

habitats seasonally in the Saint Croix Valley.

Only six species of the 84 species captured both seasons were taken in

two or fewer habitats (Blue-gray Gnatcatcher, Warbling Vireo, Blue-winged

Warbler, Yellow Warbler, Louisiana Waterthrush, and Field Sparrow).

Except Yellow Warbler, all of these species were uncommon during all

seasons (Appendix I). The Yellow Warbler was restricted entirely to the

alder swale except for a few fall individuals taken in the sedge fen. The
remaining 78 species common to both spring and autumn were found in

three or more habitats in one of the seasons. Typically, these species were

more widely dispersed in autumn than in spring. Most species tended to

be found initially in alder swale and subsequently in the other habitats

as those habitats underwent thaw and bud burst.
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Fig. 3. The numbers of species captured during spring (crosshatch) and fall (diagonal)

1985, 1986, and 1987 in six habitats at Sandrock Clilf (Saint Croix River km 146).

DISCUSSION

The three year bird capture data from the Saint Croix River suggest

that migrating land birds exhibit divergent routes between spring and fall

passage and that migrants show a seasonal shift in stopover habitat use.

The distinct contrast we observed among species in which capture rates

differed between seasons may be explained either by natural productivity

over the summer or a seasonal shift in passage route. We conservatively

assume that natural production may account for a four or five fold increase

in capture rates, but as the rate of increase approaches an order of mag-

nitude exhibited by certain species (e.g., Yellow-bellied Flycatcher, Ten-

nessee Warbler, Black-throated Green Warbler, Bay-breasted Warbler,

Chipping Sparrow), alternative explanations should be considered. One
parsimonious explanation would include seasonal shift in route between

spring and fall because if a migrating passerine flies south along 92°W

longitude from Sandrock Cliff the equator is crossed in the Pacific Ocean,

west of the Galapagos Islands, some 1300 km from South America. Since

many Neotropical migrants winter in Central and South America, it seems

reasonable to assume they may exhibit an east-west component in their
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annual passage between their tropical wintering areas and northern sum-

mering grounds. Such an east-west component may result in either tem-

poral or geographic divergence and may explain why several long distance

migrants were taken primarily during spring or fall but not in both seasons.

The same situation was also found by Winker et al. (1992) in which

consistent discrepancies between spring and autumn capture rates were

reported for many of the same tropical migrants we observed.

A second possible explanation is that small land birds may have “tra-

ditional” stopover sites (see Winker et al. 1991), as is true for waterfowl

and shorebirds, and that the Sandrock Cliffand Valley Creek sites are not

“traditional” spring stopover sites. In any case, these two independent

observations of the same phenomenon (including many of the same spe-

cies, made over the same time period, and in the same region) suggest a

number of species have divergent spring and autumn migration routes or

stopover patterns, a phenomenon known for other long distance migrating

species (e.g., Thompson 1973, Francis and Cooke 1992). It should be

noted also that no birds captured and banded at the Valley Creek site

were recaptured at Sandrock Cliff or vice versa. These two study sites,

1 00 km apart, while operating simultaneously during four of six seasons,

apparently sampled different segments of migrating bird populations, as

if there were lines, passing diagonally across the Saint Croix River Valley.

It is not possible to establish the total number of individuals or species

occurring in a habitat, but based upon our captures, we found that stopover

habitat use varied considerably among the birds captured at Sandrock

Cliff. Over the three year study period some species were confined to one

(Yellow Warbler) or two (Louisiana Waterthrush) habitats, while others,

e.g., hummingbirds, ovenbirds, and the Cathams thrushes, were encoun-

tered in all habitats. In general, a distinct shift in captures among habitats

occurred from spring to fall across the assemblage of species from spring-

time bird concentrations in the alders to a strong convergence of birds in

the pines during the fall. Such broad shifts in habitat use may occur as a

consequence of local microclimatic conditions affecting resource avail-

ability, as well as internal physiological or behavioral states of individual

birds. If these birds are using the habitats for rest or replenishment, the

spring concentrations may reflect early availability of food or shelter,

whereas by autumn those habitats with a slower spring phenology have
achieved their summer’s growth in potential shelter and food sources for

the birds. Rappole and Warner (1976) suggested that perhaps one-third

of the migrants captured at fall stopover sites used food resources. Burger

et al. (1977) noted shorebirds’ shifting use of habitats during migration

was a function offood availability resulting from tide cycles. We speculate

that migrant land birds are capable of making similar, perhaps gradual,
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shifts over the breeding season as new food sources become available;

consequently, they are able to shift readily, within their adaptive range,

from one resource base to another (see Tinbergen 1960, Power 1971).

Subsequent food and other resource availability studies would be helpful

in elucidating this point as suggested by Gauthreaux’s (1979) remarks
about the role of avian migrations in community ecology. Also needed
are studies clarifying physiological states and behavioral conditions cor-

relating with migration stopover activities.

The observed apparent divergence in seasonal migration routes in some
species and the shifting habitat use by others suggest that efforts to con-

serve Nearctic-Neotropic migrating bird populations may require con-

servation of a wide range of habitats over the entire continental range of

these species. Such measures will necessitate detailed examination of spe-

cies-specific seasonal migration routes, migration timing, and migration

habitat requirements to assure that such conserved areas are ecologically

appropriate.
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NESTING BIOLOGY OF THE YELLOW-THROATED
EUPHONIA: LARGE CLUTCH SIZE IN A

NEOTROPICAL FRUGIVORE

Sarah Sargent

Abstract.— I studied the nesting biology of Yellow-throated Euphonias (Thraupinae:

Euphonia hirundinacea) in Monteverde, Costa Rica, in 1987-1990. Most nesting occurred

from April to July (N = 69 nests) in covered nests in road banks. Modal clutch size was
five eggs {x = 4.4), an unusually large number for a tropical passerine. Only females incubated

eggs, but both parents fed nestlings. Parents regurgitated food for nestlings, and examination

of nestling fecal samples indicated that fruit made up most of the diet starting from the day

of hatching. Morphological specializations of the digestive tract may enable, or even require,

them to use fruit in the nestling diet more extensively than other birds. Parents visited the

nest infrequently, arrived at the nest together, and accompanied one another to the nest

entrance in what may be a distraction display to confuse potential nest predators. The
covered nests, the infrequent visits to the nest, and the behavior at the nest may all contribute

to reducing nest predation in this species. The combination of large clutch size, extreme

nestling frugivory, and coordinated parental behavior is unique, and the inclusion of eu-

phonias in comparative studies addressing the evolution ofthese traits should prove valuable.

Received 6 July 1992, accepted 2 Dec. 1992.

The twenty-five species in the genus Euphonia share several unusual

features setting them apart from other members of the Thraupinae. They

completely lack a gizzard (Forbes 1880, Wetmore 1914), apparently a

specialization of the digestive tract for a diet of fruit. Available data also

suggest that euphonias have an unusual breeding biology (see Isler and

Isler 1987 for compilation): they build covered nests, they lay larger

clutches than the typical two eggs of most tropical passerines (Ricklefs

1970, Skutch 1985), and they feed fruit to nestlings to a greater extent

than other frugivorous birds (Morton 1973). However, detailed infor-

mation is lacking, and many species remain completely unstudied. Un-

derstanding the breeding biology of euphonias in greater detail may help

shed light on several longstanding questions in ornithology, such as con-

straints on the use of fruit in the nestling diet and factors influencing

clutch size determination.

Yellow-throated Euphonias {Euphonia hirundinacea) occur from south-

ern Mexico to Costa Rica (Isler and Isler 1987) and are common in

disturbed habitats. They are typical members of the genus: male plumage

is yellow below and blue above, female plumage is dull green, they have

short tails and stocky bodies, and they eat fruit. They occur in pairs

Section of Ecology and Systematics, Corson Hall, Cornell Univ., Ithaca, New York 14853.
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throughout the year but do not defend territories. Scattered reports in the

literature provide an outline of their basic nesting habits (Eaton and

Edwards 1948; Sutton et al. 1950; Skutch 1954, 1985; Isler and Isler

1987). The pair builds the covered nest together, and the clutch size is

five (based on three clutches). Only the female incubates, but both sexes

feed the nestlings; when arriving at the nest the parents “race” to the

entrance. The only information on incubation and nestling periods comes
from one nest described by Skutch (1954), and these were 16 and 17 days,

respectively.

I present information from 69 nests from a single mid-elevation site in

Costa Rica. I describe: (1) variation in clutch size, (2) degree of frugivory

of the nestling diet, (3) parental behavior at the nest, and (4) frequency

of nest predation.

STUDY SITE AND METHODS

The study was conducted in Monteverde, Costa Rica, during 1987-1990. Monteverde

(10°18'N, 84°48'W) is in the mountains of northwestern Costa Rica, at the top of the Pacific-

facing slope. Nests were located at 1340-1490 m elevation, along roadsides and in pastures.

The vegetation and bird community are described in Wheelwright et al. (1984). At this site,

the rainy season begins in early to mid-May and continues through mid-December, and

precipitation averages 2519 mm per year.

A total of 69 nests was found by searching road banks and watching adult birds. In 1987,

a 3-km stretch of road was walked almost daily, but in other years nests were found more
opportunistically. In 1988, 1 did not arrive in Monteverde until 1 June, but in other years

I was at the site before nesting activity started. In all years, I left the site before the breeding

season was completely over. In 1989, I returned in the first week of September and stayed

through the next season. I estimated the date of clutch initiation for nests found later in the

nesting cycle by using average incubation time and average growth rates of nestlings.

In 1987 and 1988, I weighed chicks using a Pesola spring scale at the same time ± 1 h

each day (1987) or every two days (1988). Most were weighed between 07:00 and 12:00 h

CST. Individual chicks were given color bands at age 8-10 days, but prior to this the brood

as a whole was weighed together and mean chick mass calculated by dividing group mass

by number of chicks. I measured the lengths of tarsi, remiges and rectrices using dial calipers.

I collected fecal samples in vials when chicks were weighed. Fecal material was preserved

in 75% ethanol and later examined with a dissecting microscope. I identified seeds by

comparing them to those in fruits collected in the area during the breeding season.

Nest observations were made by sitting along roadbanks 5 m or more away from the nest.

Observations lasted 1.25 to 3.4 h and ended with an event (pair visit to nest, female leaving

nest), rather than having a fixed duration. Most observations were made in the morning,

but some were made after noon.

A relatively small proportion of the population was color-banded, a total of 1 7 adults in

different years. Thus, most data were from unmarked birds, and in only a few cases was I

able to determine whether individuals or pairs made repeated nesting attempts within seasons

or between years. Statistical tests were performed using StatView II (Feldman et al. 1987).

RESULTS

Nest sites and nest description. Sixty-Q\%hX of 69 nests found during

the study were in dirt road banks, approximately 1-3.5 m above the road
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surface. Nests were constructed in a slight recess in the bank, often near

the top and associated with clumps of short vegetation. Another nest was
on the side of a tree trunk in a pasture near forest edge. The nest itself

was 1.3 m from the ground at the base of a clump of epiphytes. The birds

may round out the recess in which the nest is built, but they do not

excavate dirt. Although Cherrie (1892) reported that they nest in holes

one foot deep, and that twigs were used in nest construction, I never

observed this. I suspect that the nest he described may have belonged to

a House Wren {Troglodytes aedon). They commonly nest in the same road

banks as euphonias, and frequently use twigs. Skutch (1954) describes

two nests from Guatemala in the tops of rotting fenceposts, but in spite

of the many rotting fenceposts in my area, I never found a nest in one.

The nests were constructed of narrow leaves, rootlets, moss, and lichen

in a globular form (ca 8-9 cm diameter). The round side entrance (ca 35

mm high by 40 mm wide, 20-30 mm above the floor of the nest) typically

had an overhanging “awning.” The outer part of the nest, especially the

awning, was usually well camouflaged with lichen and moss. The lip of

the entrance, where the birds alight, was the sturdiest part of the nest.

Roots in the bank were sometimes incorporated into the structure, tying

the nest into the bank. A layer of lanceolate, bamboo-type leaves usually

lined the interior part of the roof and floor, with a nest cup lining of fine

black rootlets (see also Isler and Isler 1987, Stiles and Skutch 1989).

Males and females built the nest together, as described by Skutch (1954).

During the earliest phase, when the pair was choosing a suitable location,

the male appeared to spend more time than the female along road banks,

investigating potential nest sites. The female perched nearby, joining the

male occasionally. During construction, the pair arrived near the nest

together, each carrying material. One waited while the first (usually the

male) went to the nest and added the material. The first one then waited

nearby while the second one (usually the female) added and arranged

material, then left the area together. The female spent longer in the nest

toward completion. Pairs waited one to 14 days between nest completion

and clutch initiation (N = 1 5), with the longest waiting periods occurring

at the beginning of the breeding season.

Pairs built new nests for each nesting attempt. In only one case did a

pair begin to reline a previously used nest from which they had successfully

fledged young two weeks before, but this nest was destroyed before the

new clutch was laid. In successive years, two marked females nested 8 m
and 50 m, respectively, from where they had nested in the previous year.

Nesting phenology.— Mosl clutches were initiated in May (27 of 52

nests, Fig. 1) near the onset of the rainy season (13-17 May 1987-1990).

Later nesting attempts continued into early August. This pattern ofnesting

phenology is typical of many bird species at Monteverde (pers. obs.) and
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Fig. 1. Number of clutches initiated during 10-day periods of April through July, 1987-

1990. E = early (1st- 10th), M = middle (1 lth-20th), L = late (21st-30th or 31st). The arrow

indicates the onset of the rainy season. Initiation date was estimated by chick mass and

verage incubation period in cases where the nest was found later.

throughout Costa Rica and Central America (Skutch 1950, Stiles and

Skutch 1989). In the absence of a marked population, I was unable to

determine how many nesting attempts were made by each pair in each

year, but none of the marked birds raised more than one brood in a

season. Also, the young appeared to stay with the parents for at least

several weeks after fledging, reducing the possibility of multiple broods

in one season.

Clutch size and incubation — Females laid eggs at one-day

intervals until clutch completion. Eggs were as described elsewhere (Cher-

rie 1892, Skutch 1954, Isler and Isler 1987). Average egg mass was 1.4

± 0.22 g (N = 4 clutch means [total mass/number of eggs]), which was
8.2% of female body mass (16.97 g ± 1.09, N = 9). Clutch sizes ranged

from three to five, with most consisting of five eggs (Fig. 2, x = 4.44 ±
0.65, N = 36). Incubation lasted 15 days (range = 14-16 days, N = 17),

starting the day the last egg was laid. Twelve of 109 eggs in 24 nests failed

to hatch (11.0%). One possible case of intraspecific brood parasitism

occurred; in one nest four eggs appeared in three days.

Only the female incubated the eggs, but the male almost always accom-

panied her to the nest, as described by Skutch (1954) and Sutton et al.
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(1950). Females spent 71.4 ± 6.8% of observation time incubating eggs

(N = 5 nests, 10 h observed). They stayed on the eggs a mean of 42.9 ±
15.4 min (N = 5 observations at 5 nests, ranging from day 4-11 of

incubation). The mean duration of intervals away from the nest was 17.2

± 3.1 minutes. On several occasions the male examined the eggs just

before the female returned to sit on them. On one occasion the male

appeared to feed the female on the nest by regurgitation; this was during

the longest observed incubation bout (65 min). Generally, the male re-

mained nearby some of the time that the female was on the nest and gave

alarm calls when pedestrians, etc., approached along the road. Often the

male called to the female just before she left the nest, or she would call

from nearby just after leaving, and they would leave the vicinity of the

nest together.

Nestling feeding rate and pair-visiting behavior. — visited the

nest in pairs, arriving at the nest together every 25-66 min. The mean

visit rate for pairs was 1.41 ± 0.49 visits/hour (Fig. 3), or every 44 ± 12

min (N = 20 observation periods at 10 nests, totalling 38 hours). The

visit rate showed a slight, non-significant increase with chick age (r =

Q 39
^
p = 0.093), and no relationship with brood size (r = 0.21, P =

0.369). Only one of 45 observed visits to nests was made by a single

parent alone; this solo visit was made by a female on the third day after

hatching, while she was still brooding the young. I never observed a male

to visit a nest alone.
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A Brood Size 2

O Brood Size 3

A Brood Size 4

• Brood Size 5
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Fig. 3. Feeding rate of nestlings during the 19-day nestling period. Symbols represent

different brood sizes. Line represents regression of feeding rate on nestling age (r = 0.39, P
= 0.09).

Females continued to brood the young through day 6 or 7 after hatching.

During this time, the female was on the nest 39.3 ± 13.8% of the time

(N = 1 1 observation periods at seven nests, 25.5 hours). The pair were

away from the nest 58.8 ± 12.9% of the time. The interval away from

the nest was 27 ± 13 min, significantly longer than the interval away
from the nest during incubation, but shorter than the interval away from

the nest after brooding ceased (39 ± 8 min, N = 8 observation periods;

F = 13.47, P = 0.0001, 2 df). During this period the male sometimes did

not enter the nest to feed chicks, but nonetheless accompanied the female

to the nest entrance as described below.

All pair visits that I observed followed a set pattern. The pair would
arrive at a perch near (ca 3-6 m) the nest, often a low branch on a tree

opposite the nest. Pairs typically used one or two favorite perches when
approaching the nest. They were sometimes silent, but often called to

each other as they arrived at a perch. The first bird to visit the nest (usually

the male) would initiate the flight to the nest and the second (the female)

followed, flying very close (0.5 m) behind the first. The first bird landed

at the entrance to the nest while the second bird continued flying up past

the nest entrance and returned to the original perch, or to another perch

nearby. When the first one finished at the nest, it returned to the perch

and the two changed roles. This first parent would then accompany the

second one to the nest, flying behind it, passing by the nest, and returning

to the perch. The closeness of following varied, as did the timing. It

sometimes took the parents several false starts to get to the nest, but this
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might have been related to disturbance along the road. The second bird

sometimes waited several minutes before taking its turn to visit the nest,

or it would start its flight the instant the first one left the nest, causing

the first one to double back in mid-flight to perform its accompanying
duty.

Males spent an average of 1 .33 ± 0.74 min (N = 1 8 observation periods

at eight nests, over entire nestling period) at the nest feeding chicks, while

females spent 1.49 ± 0.36 min (N = 8 observation periods at five nests,

after brooding ends on day 7), not a significant difference {T = 0.58, P =
0.57). All chicks were fed during each visit, but I was unable to observe

whether each parent fed each chick or whether each parent fed only some
of the chicks.

Parents swallowed fecal material from chicks. I observed no fecal sacs.

Chicks turned around and presented the cloaca to the parent after being

fed. On two occasions I observed parents regurgitating chick feces after

leaving the nest. When the chicks were older, especially in a large brood,

fecal material was sometimes voided by chicks directly out of the nest,

creating a splattering of seeds on the bank below the nest.

Parents gave alarm calls from near the nest, increasing in intensity if

the cause of disturbance approached the nest. One call was reminiscent

of the alarm call of the Clay-colored Robin {Turdus grayi), but in general

the calls did not resemble those of other species.

Diet of nestlings.— fed nestlings by regurgitation. After feeding,

chicks had large bulges on each side of the neck, the color of the food

material showing through the skin (most often green, occasionally blue

or purple). Examination of fecal material revealed that the majority of

each sample consisted of fruit pulp and seeds, with only a few, if any,

insect parts (Table 1). Seeds most commonly encountered were from

Cecropia spp. (Moraceae) and Conostegia bernoulliana (Melastomata-

ceae). In addition to occasional seeds, consumption of Ficus sp. fruits was

indicated by the presence of other fruit parts, including anthers, scales

that enclose individual seeds, and in one case a male fig wasp (Agaeon-

idae). Only two of ten fecal samples with insect parts contained large

numbers of parts; these two had many large pieces ofhomopteran nymphs.

In the rest, the insect component consisted of a very small amount of

material (e.g., a single leg) which may have been ingested accidentally.

Just over halfofthe samples contained small translucent white or yellow

flakes of material that appeared to be from very small snail shells (Table

1). I found one whole miniature shell and several of the central spirals of

the same translucent material. Several samples contained the whole oper-

cula of snails (5-6 mm long, red).

Nestling development.— gained approximately 1 g per day
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Table 1

Nestling Fecal Sample Contents

Item Percent of samples

Seeds 100

Moraceae

Cecropia spp. 62

Ficus spp. (seeds or other fruit parts) 69

Melastomataceae

Conostegia bernoulliana 79

Sp. 2 3

Sp. 3 3

Viscaceae

Phoradendron flavens 21

P. sp. 2 3

Ericaceae

Macleania sp. 14

Unidentified seeds 7

Insects 41

Snails 52

“ Numbers represent percent of samples in which each item was present (N = 29 samples, from nine nests on 1-6 different

days.)

until day 1 1 after hatching (Fig. 4). Their mass stabilized after day 1 2, at

about 13.5 g. Eyes were open by about day five. Remex pins started to

form at day six, and the remiges started to emerge from pins at day 1 2.

At fledging, the rectrices were not completely emerged from the shafts. I

measured tarsi on chicks in only two nests, but it appeared that tarsus

growth continued through day 15, the oldest chicks I measured. Chicks

fledged at 19 days (18-20, N = 4 nests where both hatching date and
fledging date were known and fledging was apparently spontaneous).

I observed brood reduction in five nests, involving a total of six chicks,

out of 18 nests in which nestlings lived for at least 10 days. One case

occurred between days 1-3 after hatching, one sometime between days

1-12, and the others between days 6-9. I found a dead chick in a nest

once, but in the other cases the chick was simply missing.

Nest outcomes. - Forty-one nests had known outcomes (Table 2); 16 of

these (39%) successfully fledged young. Three were abandoned by the

parents during laying or the first days of incubation. Twenty-two others

(53.7%) succumbed to predation during laying (N = 3), incubation (N =

6), or nestling (N = 13) stages. Predation was defined as a nest suddenly
empty of eggs, a nest destroyed, e.g., on the ground with no sign of eggs

or young, or the lining pulled out of the nest entrance indicating that the
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Age (Days)

Fig. 4. Mean mass for nestlings. Points represent means per nest, N == 1 6 nests. Day 0

= day of hatching. The curve was fitted by eye.

young were taken while clinging to the lining (cf Skutch 1985). Calculated

on a per egg basis, nesting success was 35.5% (59 out of 166 eggs) and

predation was 44.4%.

Mayfield survival estimators (Mayfield 1975) were calculated using

information from 52 nests over the four years; this method is used to

adjust for the higher probability of encountering nests that have already

survived earlier stages. The overall nest survival probability was 0.336,

the product of 0.846 probability of survival of the laying period, 0.793

probability of surviving the incubation period (15 days), and 0.501 prob-

ability of surviving the nestling period (1 9 days). The daily survival prob-

abilities were 0.959, 0.985, and 0.964, respectively, for these three periods.

The weighted average daily survival probability was 0.972 for the entire

nest period.

Fifteen of the 16 successful nests fledged 59 chicks {x = 3.93 ± 1.03).
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Table 2

Nest Outcomes, by Nesting Stage, 1987-1990

Laying Incubation Nestling Total

Depredated 3 6 13 22 (53.7%)

Abandoned"" 2 1 3 (7.3%)

Successful 16 (39%)

Total 41

Nest survival probability*’ 0.846 0.793 0.501 0.336

“ Not including a female that abandoned because of capture.

Per stage probabilities calculated by the Mayfield method (Mayfield 1975) using data from 52 nests.

The sixteenth “successful” nest fledged prematurely as a result of partial

predation, with an uncertain number of chicks (but at least two) fledging.

DISCUSSION

Yellow-throated Euphonias exhibit several remarkable features in their

breeding biology. First, the modal clutch size of five is unusually large for

a tropical passerine. Second, nestlings are fed fruit regurgitate starting on

the day of hatching. Third, parents visit infrequently and virtually always

accompany one another to the nest entrance. Fourth, frequency of nest

predation may be relatively low. I discuss these subjects separately below.

Clutch size. —The clutch size ofthe Yellow-throated Euphonia is among
the highest reported for neotropical passerines. Skutch (1985) reports

clutch sizes of 136 species, and only two others commonly have clutches

of five eggs (Rough-winged Swallow [Stelgidopteryx serripennis], and Band-

backed Wren [Campylorhynchus zonatus]). Only three other species oc-

casionally or rarely lay this many eggs (Ochre-bellied Flycatcher [Mio-

nectes oleagineus], Gray-breasted Martin [Progne chalybea], House Wren
[Troglodytes aedon]). Other species of euphonias typically lay three or

four eggs (Isler and Isler 1987); these too are larger than the average clutch

size for monogamous, tropical land birds (2.4 eggs, Ricklefs 1980). Four

other euphonia species are reported to lay up to five eggs occasionally,

but no information on clutch size is available for 10 of the 25 euphonia

species (Isler and Isler 1987).

Fruit diet ofnestlings. — Perhaps the most significant finding in this study

is the high degree of frugivory by nestlings in this species, supporting

Morton’s (1973) classification ofeuphonias as “total” frugivores. Nestling

fecal samples contained seeds on the day of hatching, indicating that their

first meals consist of essentially the same regurgitated fruit slurry that

they receive throughout the nestling period. Also, there was no indication

of change from more to less animal food as nestlings grew. Most birds
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that are frugivores as adults nevertheless feed nestlings substantial quan-

tities of insects or other sources of animal protein, especially during the

early nestling period (Morton 1973, Ricklefs 1976, Skutch 1976, Wheel-
wright 1983). Various authors have attributed this reliance on animal

protein to the low protein levels in fruit pulp (Morton 1973), the low

protein-to-calorie ratio of fruit pulp (Ricklefs 1976, Foster 1978), or the

size limitation of feeding whole fruits to nestlings (Foster 1978, Wheel-
wright 1983).

It is not surprising that euphonias show a high degree of frugivory even

during the nestling stage; they possess unusually clear morphological ad-

aptations of the digestive tract to a frugivorous diet (Walsberg 1975,

Moermond and Denslow 1985). They have no gizzard, or pyloric or

cardiac sphincters (Forbes 1880, Wetmore 1914). This presumably makes
insect digestion difficult or inefficient, because they are unable to grind

insect exoskeletons, a function normally served by the gizzard. Those

insects I found in fecal samples were often whole (fig wasp, fruit fly) or

in large pieces (homopteran nymphs).

The behavioral trait of mandibulating food items and selectively swal-

lowing soft matter while excluding hard parts (“mashing”, Levey 1987)

has accompanied the morphological specialization of the gut so that me-
chanical work is done by the bill rather than the gizzard. This behavior

may create problems in using fecal remains to characterize the diet. The
birds appeared to avoid ingesting hard parts of some food items, such as

fig seeds. More fecal samples contained soft fig parts than contained hard

fig seeds. Nonetheless, it is unlikely that the birds could be feeding ex-

tensively on insects, for example, without incidental ingestion of hard

parts, and identifiable pieces should appear in the feces. The fragments

of small snail shells in the samples suggest that these molluscs may be an

important source of protein, and perhaps minerals, and one food source

that is more amenable than insects to handling and digestion by these

birds. Spider consumption during breeding has been observed in other

species ofeuphonias (pers. obs., Isler and Isler 1 987). Given the frequency

of miniature snail shells in the feces, observers noting “gleaning” by

euphonias and other birds should not assume that the birds are searching

for insects.

Physiological adaptations to a fruit diet may also be expected in these

birds. There are advantages to feeding fruit to nestlings, because it is

abundant and easy to obtain (Snow 1971, Morton 1973). However, pro-

tein may be the limiting nutrient for nestlings, and it has long been thought

that fruits contain too little total protein, or too small a protein-to-calorie

ratio, to provide good nutrition for growing chicks (Ricklefs 1976, Foster

1978). Other highly frugivorous bird species use lipid-rich, high-calorie
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fruits (bellbirds, Snow 1970; quetzals, Wheelwright 1983) which have

higher protein content as well (but not those used by oilbirds, see Bosque

and de Parra 1992). Euphonias may increase the effective ratio of protein

to sugar in their diet by incompletely assimilating sugars. Recent work

indicates that some frugivorous birds, such as Cedar Waxwings {Bom-

bycilla cedrorum), have low digestive efficiencies of sugars, largely as a

result of rapid gut passage times (Levey and Karasov 1989, Martinez del

Rio et al. 1989, Karosov 1990). Euphonias certainly fit this pattern; they

have short digestive tracts with no sphincters and short retention times

(pers. obs.), so they may have relatively low sugar assimilation rates. The
actual protein content of the nestling diet is not clear. Regurgitation po-

tentially allows the manipulation ofthe nutrient balance ofthe regurgitate

to a more favorable protein-to-calorie ratio for nestling growth (Foster

1 978). Exploiting fruits for nestlings may lead to larger clutch sizes ifbirds

experience less constraint in resources available for raising young (Lack

1954, 1968). However the cases ofbrood reduction observed in this study

do suggest that food quality or quantity is inadequate in some cases.

Pair-visiting behavior. —N^\vy do breeding euphonias visit the nest to-

gether and follow each other to the nest entrance? The accompaniment
behavior exhibited by pairs has been described by others and is common
to all euphonias and chlorophonias that have been observed at their nests

(Sutton et al. 1950, Skutch 1954, Isler and Isler 1987). Visiting in pairs

may reduce the frequency (although not the total duration) of activity at

the nest, decreasing the likelihood that predators will be attracted to the

nest by the parents. If a predator did observe the birds at the nest, it might

be confused by the accompaniment behavior, its eyes following the bird

that keeps moving rather than the bird that disappears into the nest. On
the other hand, the distinctive behavior of pairs at the nest is certainly

easy for humans to learn to recognize. If this behavior serves an antipre-

dator function, it could be effective only against visually oriented diurnal

predators.

A possible alternative explanation for the accompaniment behavior is

that of mate guarding. Evidence in favor of a mate guarding explanation

includes several observations made during this study. On two occasions,

a female returning to the nest during incubation was followed by more
than one male. In both instances, chasing and emphatic calling between
the males ensued after the female entered the nest. In one case, the in-

teraction concluded with bill-to-bill contact in mid air, with the males
tumbling to the ground. Sutton et al. (1950) observed several similar

encounters at a nest in Mexico. In the absence of resource-based breeding

territories, males may have to accompany their mates everywhere and be
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ready to defend them. However, several facts are inconsistent with mate
guarding as the sole explanation for the accompanying behavior. First,

males accompany females throughout the nesting cycle, not just during

the fertile period. Also, the female accompanies the male to the nest

entrance just as regularly as he accompanies her.

Nest predation.—The frequency of nest predation was slightly lower in

this study than in comparable studies in the literature. Calculated in the

simplest way (no. of successful nests/total nests), the nest success for this

study (39%) is higher than values reported by Skutch (33.3%, 1985) for

42 species of open cup nesting birds in the wet tropics, but less than the

60.6% he reports for hole nesting birds of the wet tropics, although the

absence of variance estimates prevents statistical tests from being per-

formed. On a per egg basis (no. ofsuccessful eggs/total eggs), Skutch reports

29.5% for open cup nesters, while I found 35.5% success. Predation on a

per egg basis was comparable to temperate zone birds that build covered

nests (Kulesza 1990). The Mayfield estimate of nest predation (0.664) is

comparable to open-cup nesters in shrubs in Iowa (Martin 1988a). The
daily predation rate during the incubation stage (0.015) is lower than

those reported by Martin (1988b) for Arizona nests on the ground (0.027)

and in several tree species (0.047-0.081). Thus, the birds in this study

may have experienced somewhat less nest predation than would be ex-

pected for a tropical or temperate open-cup nester, in spite of nesting in

disturbed habitat (Gibb 1991). Although Gibb suggests that the high nest

predation often reported from tropical studies may be a consequence of

these studies being conducted in human disturbed habitats with altered

predator populations, it is possible that roadsides are a relatively safe

nesting habitat if the roads themselves cause high predator mortality or

sufficient human disturbance to interrupt hunting by predators. Another

factor may be elevation. Skutch (1985) has noted lower predation rates

at higher elevations, so perhaps the predation experienced by birds at this

site is low for the species as a whole.

A large clutch size and a nestling diet of fruit have both been proposed

to cause higher rates of nest predation. Skutch (1949) originally proposed

that high rates of nest predation might have selected for the typically small

clutch sizes of tropical birds. Larger clutch size may lead to increased nest

predation for a variety of reasons (Slagsvold 1982). Smaller clutches per-

mit fewer feeding visits by parents, reducing the likelihood of a predator

finding the nest by observing parental behavior. Smaller clutches also

mean less lost effort when a nest is depredated. In addition, a nestling

diet of fruit should lead to higher nest predation if nestlings grow slowly

as a result of protein deficiency and take longer to fledge. Morton (1973)
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described a tradeoff between the advantages of feeding fruit to nestlings

(availability, ease of capture) and the greater exposure of nestlings to

predators resulting from slower growth and more time spent in the nest.

Paradoxically, Yellow-throated Euphonias in this study did not appear

to experience the predicted high rates of nest predation. Yellow-throated

Euphonias may have succeeded in ameliorating potentially high levels of

nest predation in several ways. First, euphonias build covered nests, and

these, in general, are associated with larger clutches and greater nest suc-

cess (Lack 1968; Ricklefs 1970; Skutch 1976, 1985; Kulesza 1990). Sec-

ond, they visit the nest infrequently. They feed nestlings by regurgitation,

which permits them to deliver relatively more food per visit and, there-

fore, visit the nest less frequently than if they carried individual food

items in the bill (Skutch 1976). Third, both parents visit at the same time,

further reducing the frequency of activity near the nest. Fourth, the dis-

tinctive accompaniment behavior that the birds exhibit when visiting the

nest may confuse or distract potential predators that do see parents visiting

the nest. Each of these steps may aid in reducing nest predation. Without

knowledge ofthe sensory capabilities and searching behaviors ofpredators

that destroy these nests, the relative contributions of each step cannot be

assessed.

The Yellow-throated Euphonias in this study had a shorter time to

fledging than the Thick-billed Euphonias {E. laniirostris) studied by Mor-
ton (1973), but additional work needs to be done on these species to

understand nestling growth rates, nutrition, and the extent of protein

limitation. Either Yellow-throated Euphonias are unusually efficient at

extracting protein from fruit pulp, or their nestling diet actually has a

higher protein content than suggested by the large volume of fruit material

and minute volume of animal material in nestling feces. Protein analysis

of regurgitate fed to nestlings, as well as work on the digestive capabilities

of euphonia nestlings, could answer this question. It is possible that they

have low protein requirements as found in oilbird nestlings (Bosque and

de Parra 1992).

Yellow-throated Euphonias present an unusual constellation of traits

relating to their nesting biology. The basic pattern appears to be shared

with the other species ofeuphonias for which this information is available:

White-vented Euphonia {E. minuta). Blue-hooded Euphonia {E. elegan-

tissima), Spot-crowned Euphonia {E. imitans) (Skutch 1954, 1972, based

on 3-14 nests per species), and Thick-billed Euphonia {E. laniirostris)

(Barnard 1954, Morton 1973). However, even the nests of eight species

ofeuphonia remain undescribed (Isler and Isler 1987). Comparative stud-

ies of Yellow-throated and other euphonias could further elucidate the

tradeoffs between resource availability, clutch size, nest predation, and
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parental care. Further studies of euphonias would be especially valuable

in understanding their adaptations to a frugivorous diet, especially in

nestlings.
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PHYLOGENETIC AND BIOGEOGRAPHIC
RELATIONSHIPS IN THE NEOTROPICAL
GENUS GYMNOPITHYS (FORMICARIIDAE)

Shannon J. Hackjett*’^

Abstract.— Evolutionary relationships among obligate ant-following birds in the genus

Gymnopithys were addressed using phenetic and phylogenetic analyses of allozyme char-

acters. Genetic variation at 37 gene loci was analyzed across all four species in the genus

and within two species (Bicolored Antbird [G. leucaspis], and White-throated Antbird [G.

sabini]). Interspecific genetic distances were high, and comparable to other studies of Neo-

tropical birds, which exceed those in many temperate zone species. Within the genus,

Lunulated Antbird (G. lunulata) and G. salvini were sister taxa. There was only weak support

for a sister-taxon relationship between G. leucaspis and the Rufous-throated Antbird (G.

rufigula). Within G. leucaspis and G. salvini, high indicated substantial genetic subdi-

vision, again comparable to other Neotropical birds and much greater than temperate zone

birds. Increased age of population isolation is proposed to account for the high genetic

divergence in Neotropical birds. Received 15 May 1992, accepted 24 Nov. 1992.

Despite widespread interest in biogeographic patterns of Amazonian
birds, few phylogenies of Neotropical birds and no analyses of the genetic

structure of widespread Amazonian species have been published. In this

paper, I address phylogenetic and biogeographic relationships among pop-

ulations within two widespread species of Gymnopithys antbirds (For-

micariidae) and among all four species in the genus using allozyme char-

acters. In addition, I summarize and add to the growing body of genetic

information on Neotropical forest birds.

All species in the genus Gymnopithys are obligate ant-following birds

(Willis 1967, 1968) distributed throughout lowland forests of Central and

South America (from Honduras south to Brazil). Ant-following birds

obtain food by following ant swarms and feeding on insects flushed by

the moving swarm (Willis 1967). Limited systematic work based on ex-

ternal morphology has been done on this genus; four species are currently

recognized: White-throated Antbird (G. salvini), Lunulated Antbird (G.

lunulata). Bicolored Antbird (G. leucaspis), and Rufous-throated Antbird

(G. rufigula) (Zimmer 1937, Meyer de Schauensee 1966). The species are

mostly allopatric, with rivers forming the boundaries of ranges (Fig. 1).

Compared to other vertebrates, birds have low levels of allozyme dif-

ferentiation at all levels of the taxonomic hierarchy (Avise and Aquadro

1982). The generality of low avian genetic distances was challenged by

' Museum of Natural Science and Dept, ofZoology and Physiology, Louisiana State Univ., Baton Rouge,

Louisiana 70803.

^ Present address: Dept. Ornithology, American Museum of Natural History, Central Park West at 79th

St., New York, New York 10024.
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Fig. 1 . Ranges of all Gymnopithys species.

studies of genetic differentiation in Neotropical birds (Capparella 1987,

1988; Gerwin and Zink 1989; Gill and Gerwin 1989; Hackett and Ro-

senberg 1990). These studies demonstrated that bird populations and

species are more genetically differentiated (subdivided) in lowland tropical

forests, although they still do not reach levels found in some other ver-

tebrate groups. Hypotheses proposed to explain greater population sub-

division include increased age of Neotropical taxa, low levels ofgene flow

between Neotropical avian demes, and differences in social systems (for

example, reduced effective population sizes due to lekking behavior).

METHODS

Samples were obtained for all species of Gymnopithys, six population samples representing

four subspecies of G. leucaspis and two population samples from one subspecies of G. salvini.

Three other genera of ant-following birds, the Sooty Antbird (Myrmeciza forth). White-

plumed Antbird (Pithys albifrons), and Hairy-crested Antbird {Rhegmatorhina melano-

sticta), suggested by Willis (1967) to be closely related to Gymnopithys, were used as out-

groups. Abbreviations for the outgroups are as follows: MFORT, PALBI, and RMELA,
respectively. All tissue samples were from the Louisiana State University Museum ofNatural

Science Frozen Tissue Collection. Collecting sites, sample sizes, and acronyms for all taxa

are listed in Table 1. Although my sample sizes are small, Gorman and Renzi (1979)

demonstrated that one or few individuals per taxon provide robust estimates of genetic

distance as long as the number of loci examined is reasonably high and heterozygosity is

low (conditions met by this study). The conservatism of avian allozyme divergence, fixed

or nearly fixed allozymes unique to certain groups of this study, and low heterozygosity may
minimize the sample-size bias for estimating genetic distances predicted by Archie et al.

(1989).
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Standard horizontal starch-gel electrophoresis of proteins was performed as outlined in

Hackett (1989) and Hackett and Rosenberg (1990). Each locus was scored on two buffer

systems to reduce influences ofhidden variation (Hackett 1989). Alleles were coded by their

relative mobility from the origin; the most anodally migrating allele was coded “a.” Isozymes

were coded in a similar manner, with a “ 1” indicating the most anodally migrating isozyme.

Locus acronyms follow Murphy et al. (1990).

I used the computer program BIOSYS- 1 (Swoffbrd and Selander 1 98 1) to compute genetic

distances (Rogers 1972, Nei 1978), a UPGMA phenogram, and Distance-Wagner (Farris

1972) trees using the multiple addition criterion of Swoffbrd (1981); all trees were rooted

at the non-Gymnopithys ant-following formicariids {Myrmeciza fortis, Pithys albifrons, and

Rhegmatorhina melanosticta). The computer program PHYLIP (Felsenstein 1986) was used

to construct two trees from Rogers’ (1972) genetic distances: one that assumes a constant

rate of evolution (“KITSCH”), and one that does not (“FITCH”). Cladistic assessment of

allelic variation was performed by coding each locus as a multi-state unordered character

(and alleles at each locus as character states) using the computer program PAUP 3.0L

(Swoffbrd 1 990). Also, in another cladistic analysis, phylogenetically informative alleles were

considered as characters and coded as present or absent (see Rogers and Cashner [1987] for

defense of this method of coding; see also Mickevich and Mitter [1981], Buth [1984], and

Swoffbrd and Berlocher [1987] for problems with this method of coding). One hundred

bootstrap replicates were performed on each cladistic analysis to assess confidence in the

branching pattern (Felsenstein 1985, Sanderson 1989). The homoplasy excess ratio (HER)

proposed by Archie (1989a, b) was calculated to give a measure ofhomoplasy less influenced

by number of taxa than the consistency index (Cl; Kluge and Farris 1969) and to assess

whether the distribution of the allozyme data was nonrandom.

Measures of genetic population subdivision, Fj, (Wright 1978), were calculated for G.

leucaspis and G. salvini using a computer program provided by G. F. Barrowclough that

takes into account small numbers of individuals sampled from a population.

RESULTS

Levels and patterns of genetic variation at 37 presumptive gene loci

were resolved (Tables 2 and 3). Nineteen loci (51%) were variable within

or among species. Average genetic distance (Nei 1978; ± SD) within

Gymnopithys (N = 6) as a whole is 0.173 ± 0.025; within G. leucaspis

(N = 15) genetic distances average 0.053 ± 0.012. Genetic distance av-

erages 0.065 among the three population samples of G. leucaspis castanea

(LEUNN, LEUNA, LEUEY). The two populations samples of G. salvini

differ by a Nei’s (1978) genetic distance of 0.028. among the six

populations of G. leucaspis is 0.365, and between the two G. salvini

populations is 0.333 (Table 4).

The UPGMA phenogram (Fig. 2) reveals that the four species of Gym-
nopithys form a group, as do the six population samples of G. leucaspis

(representing four different subspecies). There is weak support, as evi-

denced by short branch lengths, for the bicolor group of G. leucapsis from
Middle America and western South America (LEUEC, LEUDA, LEUCR)
as genetically distinct from the Amazonian leucaspis (LEUNA, LEUNN,
LEUEY). Gymnopithys rufigula is most similar to G. leucaspis, and G.
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salvini and G. lunulata form a group. This topology is also found in the

KITSCH and FITCH trees (branch lengths available from author on
request). The Distance-Wagner tree differs in placing the Costa Rican

sample of G. leucaspis (LEUCR) basal to the five other population sam-
ples. Because the four distance analyses suggested only minor differences

in branching pattern, I assume that variation in rates ofallozyme evolution

across Gymnopithys species is not a significant factor influencing branch-

ing topology.

Cladistic analysis of loci with the alleles as unordered character states

(not shown) resulted in 1 2 equally most parsimonious trees, with a con-

sistency index (Cl) of 1.0 and a homoplasy excess ratio (HER) of 0.88.

These data indicate that there is little homoplasy in the data set and that

the data are nonrandom; that is, there is phylogenetic information con-

tained in the allozyme data. However, the consensus of these 12 trees

resulted in little resolution. The genus Gymnopithys is monophyletic; the

monophyly of population samples of G. leucaspis and G. salvini indicates

the monophyly of each of these two species. Gymnopithys salvini and G.

lunulata are sister taxa. However, the sister-taxon relationship between

G. rufigula and G. leucaspis suggested in Fig. 2 is not shown here; G.

rufigula, G. leucaspis, and G. lunulata/G. salvini form an unresolved tri-

chotomy. The relationships among population samples within G. leucaspis

are also unresolved.

The topology when alleles are coded as present or absent (Fig. 3; two

most parsimonious trees. Cl = 0.700, HER = 0.78) supports monophyly

of both the genus Gymnopithys and the population samples of G. leucaspis

and G. salvini. This tree differs from the distance analyses mainly in the

relationships among the six population samples of G. leucaspis. Samples

of G. leucaspis from eastern Panama (Darien) and Ecuador have the same

alleles and are identical for this analysis (they differ in allele frequency

only). Bootstrap values for the nodes (Fig. 3) indicate that there is only

weak support for the sister-taxon relationship between G. rufigula and G.

leucaspis suggested by the distance analysis. There is stronger support for

G. salvini and G. lunulata as sister taxa.

DISCUSSION

Genetic data.— GquqXic distances within the few other species of Neo-

tropical birds studied average 0.052 (range 0.003 in Pithys albifrons to

0.066 Chiroxiphia pareola; see Hackett and Rosenberg 1 990). The average

within G. leucaspis (0.053) is comparable to the other Neotropical species,

and of an order of magnitude greater than north temperate birds (0.005,

Barrowclough and Corbin 1978; 0.02, Barrowclough and Johnson 1988).

In addition, values (Table 4) suggest a high degree ofsubdivision among
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G. leucaspis (EC)

G. Iei4caspis (DA)

G. leucaspis (CR)

G. leucaspis (NA)

G. leucaspis (EY)

G. leucaspis (NN)

G. rufigula

G. salvirti (PA)

G. salvirti (SA)

G. lunulata

R. melanosticta

P. albifrons

M.fortis

I
1

1

0.30 0.15 0.00

Rogers' (1972) Genetic Distance

Fig. 2. UPGMA phenogram of Rogers’ (1972) genetic distance (Table 3) for Gymnopithys

species and population samples. The cophenetic correlation coefficient for the phenogram

is 0.94. “FTTCH” and “KITSCH” trees (see text) have the same topology. The two letter

codes after the species name reference the last two letters of the acronyms found in Table 1.

populations of G. leucaspis and G. salvini. These data also demonstrate

a high degree ofpopulation subdivision among the majority ofNeotropical

forest species analyzed to date.

Gymnopithys antbirds are obligate ant-following birds, which could

result in increased movements as they search for the ant swarms at which

they forage. This life-history characteristic has the possible genetic con-

sequence of increased gene flow, which would lead to the prediction that

genetic subdivision (i.e., or genetic distances) within Gymnopithys

species should be low relative to other more sedentary forest birds that

forage for insects on individual territories. This prediction is not supported

by the genetic data, which indicate that Gymnopithys separated by even

small geographic distances are genetically differentiated. LEUNN and

LEUEY are separated by approximately 100 km (and no major rivers)

and their genetic distance is 0.047, which is equivalent to the genetic
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G. leucaspis (EC)

G. leucaspis (DA)

G. leucaspis (CR)

G. leucaspis (NA)

G. leucaspis (EY)

G. leucaspis (NN)

G. rufigula

G. salvini (PA)

G. salvini (SA)

G. lunulata

R. melanosticta

P. albifrons

M. fortis

Fig. 3. Cladistic assessment of allelic variability (see text) for Gymnopithys species and

population samples. The two letter codes after the species name reference the last two letters

of the acronyms found in Table 1.

distances separating many species of Dendroica warblers (Barrowclough

and Corbin 1978).

The genetic data support the monophyly of the genus Gymnopithys

relative to three other genera of ant-following formicariids. To address

behavioral evolution within the Formicariidae, the next step is to docu-

ment whether the ant-following formicariids are indeed each other’s clos-

est relatives. If so, this would indicate that a complex life-history strategy

and associated behaviors are key innovations that evolved once in the

history of antbirds, and thus document monophyly of a group of antbird

genera. Hackett and Rosenberg (1990) documented a similar situation in

Myrmotherula antwrens; the presence of a particular behavioral, life-

history character (dead-leaf foraging) paralleled allozymic results in de-

fining a lineage of antbirds.

The genetic data support a sister-taxon relationship between Gymno-
pithys lunulata and G. salvini. I recommend, therefore, that these species

be placed next to each other in linear classifications. There is weak support
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Table 4

Fst Values for Neotropical Forest Taxa**

Species /;, (se)

Wedge-billed Woodcreeper (Glyphorynchus spirurus)

White-cheeked Antbird {Gyrnnopithys leucaspis)

White-throated Antbird (G. salvini)

Black-faced Antbird {Myrmobonis rnyotherinus)

White-plumed Antbird {Pithys alhifrons)

Blue-crowned Manakin {Pipra coronata)

Golden-headed Manakin {P. erythrocephalaY

Blue-backed Manakin {Chiroxiphia pareola)

0.232 (0.140)

0.365 (0.099)

0.333 (0.097)

0.170 (0.063)

0.037 (0.012)

0.125 (0.064)

0.235 (0.127)

0.194 (0.042)

“ for non-Gymnopithys species were calculated from allele frequency data of Capparella (1987).

Includes P. rubrocapilla. the allospecies of P. erythrocephala from south of the Amazon river.

for considering the populations of G. leucaspis in Central America and
South America west ofthe Andes as distinct {G. bicolor), and I recommend
study with more sensitive molecular markers. Willis (1967) hypothesized

a close relationship between G. leucaspis, G. bicolor, and G. rufigula, based

on vocalizations, and suggested that they should be placed in the same
species. Although genetic data weakly support a sister-taxon relationship

between G. rufigula and G. leucaspis, each is diagnosable by a number of

allozymic and plumage characters. Therefore, considering G. rufigula and

G. leucaspis as conspecific is not recommended.

Biogeography. —One proposed advantage of molecular data is that ge-

netic differences between taxa accrue in an approximately time-dependent

manner (Wilson et al. 1 977); therefore, a molecular clock can be calibrated

and the age of splitting events can be estimated. The potential to date

approximate splitting events using molecular clocks has not been widely

explored (see Murphy 1983, Cadle 1985, Zink 1988, and Zink and Avise

1990 for some examples). In addition, the concept of molecular clocks is

controversial, and a variety of molecular clocks have been proposed for

avian taxa (Gutierrez et al. 1983, Marten and Johnson 1986, Sibley et al.

1988). Two calibrations for allozyme data estimate that one unit of Nei’s

(1978) genetic distance corresponds to 19-26 million years of independent

evolution (Gutierrez et al. 1983, Marten and Johnson 1986). For Gym-
nopithys, these calibrations suggest that the genus has been evolving in-

dependently for approximately six million years. The species seem to be

old as well; origin of G. lunulata, G. salvini, G. leucaspis, and G. rufigula

may have occurred three to five million years ago. Because the ranges of

Gyrnnopithys species are delimited by rivers (Fig. 1), I hypothesize that

the development of major river systems in South America (Capparella
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1987, 1988, 1991) separated a formerly widespread range of the ancestral

Gymnopithys roughly three to six million years ago. Within Gymnopithys

leucaspis and salvini, divergence of populations seemed to have occurred

early in the Pleistocene (700,000 to 1,000,000 years ago), perhaps as a

result of the effects of glacial periods on the distribution of Neotropical

forests (Haffer 1974).

Because Gymnopithys leucaspis is distributed in both South and Central

America, relationships among its populations may shed light on hypoth-

eses concerning the origin of Central American lowland birds. The land-

bridge connection between southern Central America and South America

was completed three to five million years ago (Malfait and Dinkleman

1972, Pindell and Dewey 1982). One hypothesis explaining the distri-

bution of some Central American lowland taxa is that South American

taxa dispersed to the Central American landmass after the landbridge was

completed (Haffer 1967, 1974, 1985, 1987; Cracraft 1985; Cracraft and

Prum 1988) and that Pleistocene climatic fluctuations subsequently ef-

fected the separation of Central American and South American lowland

forests (Haffer 1974, 1987). The genetic data suggest that G. leucaspis was
present in South America when the landbridge connection was formed.

The pattern of genetic distances (Fig. 2) suggests that Central American
and Ecuadorian populations form a group (although the cladistic analysis

of allozyme data was unable to recover this) and that separation of Costa

Rican (LEUCR) from Ecuadorian (LEUEC) populations occurred 700,000-

900,000 years ago. This supports the hypotheses of Haffer (1967, 1974,

1985, 1987), Cracraft (1985), and Cracraft and Prum (1988) that Central

American taxa would be most closely related to taxa found in Ecuador,

in the Choco region of western South America, and that divergence oc-

curred after the landbridge was completed (some time during the Pleis-

tocene).
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SCOPATE TOMIA: AN ADAPTATION FOR HANDLING
HARD-SHELLED PREY?

Kenneth L. Gosner*

Abstract.— This paper reports the presence of scopate tomia, here defined as brushlike

ridges on the cutting edges of the mandibles, in some 30 families of birds, including the

Ciconiidae (Anastomus) in which tomial brushes were first described by Kahl (1971). The

functional significance and biological role of scopate tomia are understood poorly. Tomial

brushes probably enhance the holding ability ofthe bill by increasing its coefficient offriction.

Most birds possessing brushes are at least partly insectivorous and have in common a

preference for hard-shelled dietary items such as large insects or, as in the case oiAnastomus,

large snails. Received 7 Oct. 1992, accepted 29 Dec. 1992.

In the course of a general survey of tomial and other bill modifications

in representatives of virtually all of the families of living birds, I came
upon a brushlike tomial structure that has received almost no notice in

the literature. My examinations over a period of seven to eight years

ranged from “spot checks” ofa few specimens at the generic level to more
intensive study of longer series of specimens of individual species. Here,

I present a description ofthe scopate tomium and its distribution in birds,

and discuss its functional and adaptational significance. The material

studied is from the extensive skin and alcoholic collections of the Amer-
ican Museum of Natural History (AMNH).

STRUCTURAL VARIATIONS AND SYSTEMATIC OCCURRENCE

Scopate tomia (from L. scopa = brush) consist of brushlike ridges ex-

tending along the cutting edges of the mandibular rhamphotheca (Fig. 1).

When viewed with a hand lens or a microscope, such brushes have the

appearance of a range of densely packed, closely cropped bristles with a

cross section usually containing a half-dozen or more individual fibers

and suggest an artist’s flat oil brush clipped down almost to the ferrule.

Bristles are oriented nearly perpendicular to the tomial ridge and represent

fine keratinous extensions ofthe rhamphotheca. In most taxa, brush height

is only 0.3 to 0.7 mm and, although often quite visible with a 2 to 9 x

doublet magnifier, the structure is easily overlooked when examining

specimens with the unassisted eye. In extreme examples, brushes are

nearly invisible without a microscope and may be only one or a few fibers

thick, as in the African Dwarf Kingfisher (Ceyx lecontei, Alcedinidae).

The modification may occur, although usually not in equal development.

' 203 Longwood Avenue, Chatham, New Jersey 07928. Deceased 3 April 1992.
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Fig. 1 . Tomia in left lateral view. Magnifications about 10 x . Top: lacerate tomia of the

piscivorous Ringed Kingfisher (Ceryle torquata S, AMNH 393767). Middle: scopate tomia

of the insectivorous Laughing Kookaburra (Dacelo novaeguineae 9, AMNH 703353). Bot-

tom: scopate tomia of the insectivorous and (presumably) frugivorous Crimson Fruitcrow

(Haematoderus militaris “<5,” AMNH 43745).

on both upper and lower mandibles or exclusively on either one. Brushes

may extend nearly the full length of a mandible or only part way. Com-

monly they are most strongly developed distally and diminish proximally.

A unique situation prevails among todies (Todidae) and motmots (Mom-

otidae) with denticulate tomia in which brushes are mainly developed on

the crests of the individual homy teeth.
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The only published mention of scopate tomia that I have found refers

to their occurrence in open-billed storks {Anastomus, Ciconiidae) where

the structure is relatively conspicuous. Kahl (1971) described the modi-

fication as consisting of 20 to 30 leathery, columnar pads, about 2 to 4

mm wide by 1 to 2 mm high, extending along the distal halfofthe tomium
of the upper mandible. Anteriorly, the fibers comprising these “pads” are

closely compacted, but posteriorly the structure is more openly brushy.

Additional factors, besides their small dimensions, may account for

tomial brushes having escaped attention previously. Most museum skins

are made up with the mouth closed, if not tied shut. Thus, the tomia of

at least the lower jaw are often not easily examined and, in fact, cannot

be examined without risk of damaging the specimen. There are other

investigational difficulties including ones touching on the question of

whether brushes might be an artifact of wear or of drying. While these

questions can only be answered unequivocally by examination of living

or fresh material, their occurrence unaltered in alcoholic specimens would

appear to eliminate the possibility of scopate tomia arising as artifacts of

drying. The dimensional regularity of the structures argues against their

origin by random injury as does their consistent occurrence in certain

taxa and not in others. Also, as Walter J. Bock has pointed out to me
(pers. comm., 25 June 1991), “the rhamphotheca is constantly growing

from its germinative layer and is worn away at its tip, and the fact that

one [often] sees the tomial brush along much of the length of the bill

suggests that it is a normal part of bill structure.”

It may be further noted that tomial modifications are commonly dam-
aged or obliterated by wear. The lower mandibles of flickers (Colaptes

spp., Picidae), for example, are clearly scopate, but many individuals have

their brushes damaged or worn to such a degree that they appear brushless.

Among cuckoos (Cuculidae), brushes appear to be truly absent in Cu-

culinae, and although present in Phaenicophaeinae and other subfamilies,

they are commonly worn or damaged. This family, in particular, dem-
onstrates the ease with which “spot checks” of only a few specimens may
fail to demonstrate the structure’s presence in individual genera or species.

With regard to Anastomus Olson and Feduccia (1980) suggested that

scopate tomia are an adventitious phenomenon due to a lack of abrasion.

Different problems affect the recognition ofbrushes in some other avian

groups. Their existence as bona fide structures appears unequivocal when
they are well and clearly developed. However, this is not always the case.

In many icterid genera, for example, the tomia are certainly modified in

that a narrow, somewhat irregular, differentiated ridge is present along

the cutting edge, but these “pseudoscopate” brushes have a vitreous ap-

pearance suggesting a brush clotted with hardened varnish. The tomia of
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Table 1

Taxa with Scopate Tomia

Ardeidae Nyctanassa

Ciconiidae Anastomus
Aramidae *

Dromadidae Dromas
Cuculidae Phaenicophaeinae, Crotophaginae

Neomorphinae, Cenlropodinae

Alcedinidae Ceyx, Dacelo, Clytoceyx, Halcyon

Todidae All genera

Momotidae All genera

Meropidae All genera

Coraciidae All genera

Brachypteraciidae All genera

Galbulidae All genera

Bucconidae Most genera

Capitonidae

Indicatoridae Prodotiscus

Picidae Picinae

Eurylaimidae Eurylaimus

Dendrocolaptidae Most genera

Fumariidae

Formicariidae Sakesphorus, Thamnophilus,

Megastictus, Thamnistes

Cotingidae Haematoderus

Tyrannidae Some Elaeninae, Fluvicolinae, Tyi

Philepittidae Neodrepanis

Campephagidae Coracina, Pericrocotus

Pycnonotidae Nicator

Irenidae Irena

Muscicapidae Peltops

Meliphagidae Acanthorhynchus, Anthochaera,

Prosthemadera, Promerops

Icteridae
*

Stumidae Speculipastor, Buphagus

Artamidae

* Scopate tomia, when present, weakly developed (see text).

the Aramidae and Artamidae present similar uncertainties. In view of

these difficulties the following table must be regarded as provisional.

FUNCTION AND BIOLOGICAL ROLE

In searching for an adaptive purpose for scopate tomia several possi-

bilities come to mind. These ideas are presented with the warning that

they are largely speculative and require further investigation. The likeli-
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hood that no single interpretation may suffice to cover all occurrences of

scopate tomia in birds should also be borne in mind.

—Mechanically, a brushy ridge might enhance the holding

ability of the bill by increasing the coefficient of friction of the tomial

surface. Brushes may be expected to be more malleable than the unmod-
ified, hard-edged tomial crest and, therefore, to be able to conform more

closely with the shape of the object seized by the bill, maintaining a

broader area of frictional contact than is possible with point-to-point

contacts between two rigid surfaces. This feature could be important in

establishing a firmer grip on an object that must be seized and held briefly

during the initial grasp by the bill. Birds commonly first grab an object

with their bill tip, and this is where brushes are often best developed.

Biological — Scopate tomia occur in birds with widely disparate

feeding habits as a few examples will demonstrate.

Both todies and motmots have brushes, but todies glean prey from the

underside of leaves and twigs while hovering or sitting on a perch (Kepler

1977), whereas motmots usually sally from an overhead lookout or drop

down to seize prey on the ground. Among rollers (Coraciidae), Coracias

spp. are also “perch and pounce” feeders, while Eurystomus spp. take

prey on the wing. Bee-eaters (Meropidae) and their New World ecologues,

the jacamars (Galbulidae), are also aerial hawkers as is the Swallow-

winged Puflbird (Chelidoptera tenebrosa, Bucconidae) according to Fry

(1970, 1984) and Burton (1977). Malacoptila spp. and probably most
other puflbirds use the “perch and pounce” technique (Skutch 1948, 1983).

Most kingfishers (Alcedinidae) are also perch and pounce foragers, a meth-

od that Fry (1980a) concluded was primitive in coraciiforms generally.

On the other hand, the highly aberrant Shovel-billed Kingfisher {Clytoceyx

rex), which has well developed brushes, digs for earthworms. Wood-
peckers (Picidae), whose varied feeding techniques were summarized by
Short (1982), and the scansorial dendrocolaptids provide additional ex-

amples of the diversity of feeding habits among taxa with scopate tomia.

Fitzpatrick’s (1980) review of tyrant flycatcher (Tyrannidae) behavior

suggests a positive correlation between bill type, feeding behavior, and
scopate tomia. The modification is generally absent in narrow-billed,

warblerlike flycatchers that feed mainly as gleaners, and occurs more
frequently in broad-billed “typical” flycatchers; thus, I found brushes in

only four of 36 genera of Elaeninae, most of which are small to medium
sized gleaners, while just over halfthe genera of“flycatching” Ruvicolinae

and Tyranninae have scopate tomia. This correlation does not appear to

extend to Old World muscicapid and monarchid “flycatchers,” since I

failed to find any unambiguous examples of scopate tomia even in the

more flycatcherlike genera; Peltops, a genus with uncertain affiliations, is
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a possible exception. Brushes seem to be generally absent in gleaners,

including vireos (Vireonidae) and the various families of “warblers,”

“creepers,” “wrens,” and “tits” in both hemispheres. These birds, like

the elaenine flycatchers, are mostly small in size and presumably prey

mainly on small arthropods.

Food preference. — ThQTQ is some circumstantial evidence that “hard-

shelled” dietary items, such as snails and large insects, provide a common
denominator linking scopate tomia to feeding habits.

Open-billed storks feed preferentially on aquatic snails of the genus Pila

(Kahl 1971). The globular shells of these snails are large in proportion to

the bird’s bill; an example of Pila in the ornithological collection of the

American Museum of Natural History, picked up under an Anastomus
roosting tree by R. C. Murphy, has a columellar length of 57 mm, making
the shell about the size of a small lemon while the culmen length of this

stork is only about 240 mm. The lower mandible is not scopate; distally

it is laterally compressed to the sharpness of a dull letter opener, and in

the Asian Openbill {A. oscitans), as Kahl noted, the tip is commonly bent

to the bird’s right. This deformation includes a twist in the dorsoventral

axis away from true vertical to produce a somewhat spooned effect. The
lower mandible in the African Openbill {A. lamelligera), the second species

of the genus, is compressed but lacks this twist.

Brown (1982:176-177) observed that open-billed storks hold their prey

underwater against the bottom with the tip of the upper bill, while the

bladelike lower mandible is used to extract the snail from its shell. The
snails are handled in the distal part of the bill and are not crushed as was

once supposed when the gap between the upper and lower mandibles was

attributed to wear (the opposite of Olson and Feduccia’s suggestion, pre-

viously noted). The cited specimen of Pila, which has a rather thin-walled

shell, is undamaged except for minor breakage along the outer rim. An-

other well known snail-eater, the Limpkin {Aramus guarauna, Aramidae),

does not have scopate tomia, although the tip ofthe upperjaw is obscurely

denticulate.

Several crab-eating birds have scopate tomia, including the Yellow-

crowned Night Heron {Nyctanassa violacea) which, alone among ardeids,

has clearly developed brushes, as does the Crab Plover {Dromas ardeola,

Dromadidae).

With the exception of the specialists just mentioned, most birds with

tomial brushes are insectivorous to some degree, and, significantly per-

haps, large insects are specified in published food lists for some of these

birds. Examples are found among jacamars and bee-eaters (Burton 1977;

Fry 1969, 1970, 1984; Skutch 1983, Wetmore 1968), African coraciids

(Fry 1988), motmots (Skutch 1964, 1971, 1983), and rollers (Cracraft
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1971, Rand 1936). With regard to rollers, Cracraft (1971) noted that

Coracias, in contrast to other members of the family, has a relatively

strong jaw apparatus adapted for “crushing,” suggesting that it feeds on

larger prey. Feduccia (1970) contrasted woodhewers (Dendrocolaptidae)

with their ovenbird relatives (Fumariidae) by noting that dendrocolaptids

commonly take larger, harder shelled prey. Most dendrocolaptid genera

have brushes, whereas fumariids either lack them or have them weakly

developed.

The prevalence of scopate tomia in Piciformes and Coraciiformes sug-

gests that a consideration of the foods of brushless piciforms and cora-

ciiforms may be instructive. Thus, among piciforms brushes are absent

in the largely frugivorous toucans (Ramphastidae) as they are in the some-

what analogous hombills (Bucerotidae) among coraciiforms. Additional

piciform exceptions include the barbets (Capitonidae auct.), in which

scopate development is poorly expressed or absent; these birds are also

strongly frugivorous (England 1985). Brushes appear to be absent in In-

dicatoridae except in Prodotiscus spp.; Friedmann (1955) described this

as the “most divergent” genus of the family in being largely insectivorous

and the only honeyguide that does not eat bee comb. Among coraciiforms,

scopate tomia are also absent in ground feeding hoopoes (Upupidae).

A few non-insectivores have scopate tomia. Examples include fairy

bluebirds {Irena spp., Irenidae) and sugarbirds {Promerops, Meliphagidae)

which supplement their diets with insects but which are otherwise fru-

givores and nectarivores {Irena\ Ali and Ripley 1971, Smythies 1981) or

specialized nectarivores {Promerops, Skead et al. 1967). The presence of

brushes in only one cotingid, the Crimson Fruitcrow {Haematoderus mil-

itaris) (Fig. 1 Bottom), is puzzling; while it is thought to be frugivorous,

the only foods recorded as stomach contents are beetles, including a 35

mm long buprestid (Snow 1982). Buphagus may occupy a similarly ex-

clusive position among starlings (Stumidae), although the lower mandi-

bles of Speculipastor may be scopate; the modification in oxpeckers {Bu-

phagus spp.), which feeds on external parasites on ungulates, is atypical.

RELATIONSHIP BETWEEN LACERATE AND SCOPATE TOMIA

Lacerate tomia (from L. laceratus, past part, of lacerare = to lacerate)

have the tomial margin more or less deeply and irregularly cut or incised.

Miller (1912:267) used the term “serrate” to describe this tomial modi-
fication in kingfishers.

The alcedinids are noteworthy both because of the diversity of feeding

habits among family members and because structural variations among
halcyon kingfishers bridge the structural gap between lacerate and scopate

tomia (cf Figs. ITop, IMiddle). Forshaw (Forshaw and Cooper 1983,

1985) and Fry (1980b) reviewed the literature on kingfisher diets. Non-
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piscivorous species, which make up more than three-quarters of the fam-
ily, are nominally insectivores, although a broad diversity of prey in-

cluding small vertebrates appears in most food lists. Frequently, preferences

are biased by habitat choice and opportunity, but there are specialists.

Earthworms figure prominently in the diets of Melidora and Clytoceyx.

Among the halcyons. Pacific Kingfisher {Halcyon tuta), Tahiti Kingfisher

{H. venerata), and Tuamotu Kingfisher {H. gambieri) have bills modified

for “flycatching,” while the Black-capped Kingfisher {Halcyon pileata),

reportedly the most piscivorous of the genus, and the White-throated

Kingfisher {H. smyrnensis), which is strongly piscivorous seasonally

(Mukherjee 1976), have sharp-edged, lacerately toothed tomia. At the

other extreme, the Beach Kingfisher {H. saurophaga), the White-collared

Kingfisher {H. chloris), and the Micronesian Kingfisher {H. cinnamomina)
have conventional brushes forming a bluntly fibrous ridge in cross section.

Within Halcyon, the range from one structural extreme to the other is

fairly continuous. The lacerate toothing of the large fish-eating alcedinids

Megaceryle and Pelargopsis appears distinctly fibrous under magnifica-

tion.
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NESTING ACTIVITY OF YELLOW-BILLED LOONS ON
THE COLVILLE RIVER DELTA, ALASKA,
AFTER THE EXXON VALDEZ OIL SPILL

Rebecca Field,* Michael R. North, ^ and Judith Wells^

Abstract.— During the summer after the Exxon Valdez oil spill in Prince William Sound
in March 1989, we surveyed Yellow-billed Loons (Gavia adamsii) on lakes in the Colville

River delta in northern Alaska. A study in 1983-1984 documenting nesting activity in the

same area provided a baseline for comparisons of possible effects of the spill on nesting

activity. Density of adult loons in 1989 was similar to densities in 1983-1984. We located

26 pairs of Yellow-billed Loons in 29 nesting territories. However, only 42% of the loon

pairs nested in 1989, compared to 76% nesting pairs in 1983 and 79% in 1984. Received 2

June 1992, accepted 5 Nov. 1992.

The Yellow-billed Loon {Gavia adamsii) is the rarest of the four loon

species that breed in Alaska (Derksen et al. 1981, Armstrong 1983, Scott

1983). The population estimate for Alaska is about 5000 Yellow-billed

Loons (King 1979) and the estimate of the worldwide population is less

than 10,000 (Alaska Dept. Environ. Conservation 1990). Nest sites of the

loon, distributed in patches throughout the Arctic (Armstrong 1983, Scott

1983), are concentrated in the Colville River delta (Fig. 1; Pitelka 1974,

Derksen et al. 1981, Sage 1971, North and Ryan 1988, Gerhardt et al.

1988). Although single or scattered Yellow-billed Loon nests have been

observed throughout northern and western Alaska, the Alaktak area (80

km southeast of Point Barrow) is the only other location in Alaska with

known concentrations ofYellow-billed Loons (Sjolander and Agren 1976).

In March 1989, the Exxon Valdez ran aground in Prince William Sound

on the southern coast of Alaska, spilling approximately 1 1 million gallons

of oil (Trustee Council 1990). Oil drifted over more than 30,000 km^ of

coastal and offshore areas in the northern Gulf of Alaska (Piatt et al.

1990). After the spill, proportionately more (8.7%) loons in the sound

were killed by the oil than were represented in prespill surveys (1.4%)

(Piatt et al. 1990). During the month after the spill, density of loons

declined around heavily oiled islands but increased in unaffected inlets

and bays (Piatt et al. 1990). By September 1989, 87 Yellow-billed Loon

carcasses had been retrieved from the spill area, representing 26.6% of

identified loon species (Table 1 , J. Piatt pers. comm.). Assuming retrieved

‘ U.S. Fish and Wildlife Service, Massachusetts Cooperative Fish and Wildlife Research Unit. Univ. of

Massachusetts. Amherst. Massachusetts 01003.

2 U.S. Fish and Wildlife Service, Fish and Wildlife Enhancement, Anchorage, Alaska 99501.

3 Dept, of Forestry and Wildlife Management, Univ. of Massachusetts, Amherst, Massachusetts 01003.
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Fig. 1. Map of the Colville River delta (CRD) with inserts showing location in the

central, northern coast of Alaska.
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Numbers of Loons Killed by

Table 1

THE Exxon Valdez Oil Spill, March 1989“

Number recovered Percent'*

Common Loon 216 66.2

Yellow-billed Loon 87 26.6

Pacific Loon 18 5.5

Red-throated Loon 5 1.5

Unidentified 69 —
Total loons 395

“ U.S. Fish and Wildlife Service, unpublished data, compiled by J. Piatt, Sept. 1989.
*’ Unidentified loons excluded from computations.

birds represented 10-30% of the kill (Piatt et al. 1990), mortality of oiled

Yellow-billed Loons may have been 300-900 birds. Yellow-billed Loons
in Prince William Sound were listed as a non-alcid species that may have

suffered high mortality (Piatt et al. 1990).

In the summer of 1989, we studied nesting Yellow-billed Loons in the

same sites on the Colville River delta as those investigated by researchers

of the U.S. Fish and Wildlife Service and North Dakota State Univ. in

1983 and 1984 (North 1986, North and Ryan 1988). As in their studies,

number of nesting pairs and chicks were determined, and nest sites were

mapped. Our objectives were to determine if adult Yellow-billed Loons

were present in these sites in the first nesting season after the oil spill, to

record nesting activity in previously used territories, and to compare the

number of adults and the nesting activities with results from the 1983-

1984 study.

STUDY AREA AND METHODS

The Colville River is the major river system of the Alaska North Slope, draining an area

of 60,000 km^ between the Brooks Range and the Beaufort Sea (Walker 1983). The 600-

km- delta, located 260 km southeast of Point Barrow, Alaska, at 70°1 9'N, 1 50°30'W (Walker

1983, Fig. 1), is on continuous permafrost (Walker 1983). Wetlands are extensive on the

delta because of low underground drainage, overland runoff, and low evaporation (Sater

1969). Lakes larger than 5 ha cover 16% of the delta surface (Walker 1978). We designed

our study after North and Ryan (1988). Twenty-six nest sites in this study were the same

as those surveyed in the 1983-1984 survey. We also checked three additional Yellow-billed

Loon nest sites located after the earlier study. We conducted the fieldwork 9-16 July 1989.

Although we were able to check each territory only once, the timing of the visits was at the

end of incubation when loons are most attentive to nest sites and eggs. In 1983, eggs were

first sighted on 15 June and, in 1984, on 16 June (North and Ryan 1988). In Yellow-billed

Loons, incubation takes 27-29 days (Sjolander and Agren 1976, North and Ryan 1988), so

we estimated that the second week in July was the third week of incubation for most breeding

pairs. Because Yellow-billed Loons are wary during nesting (Sage 1971, Sjolander and Agren
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1976), we observed them from a minimum distance of 25 m before we approached them

on foot or by boat for better observation. We recorded the territory as not active if a nest

was not sighted within about 100 m of a previous nesting site and adults were either not

present or, based on behavior, seemed not to be nesting. When we were unable to locate

nests, we distinguished nesting from non-nesting birds by behavioral differences. When
approached, a nesting pair either lies low in the water near the nests or dives and surfaces

at a distance (Sage 1971, Sjolander and Agren 1976, Titus and VanDruff 1981, North 1986).

Nonbreeding pairs, however, remain undisturbed and continue swimming together. We
observed that pairs that lost their young usually swim independently of each other with little

interaction.

We used the z-test statistic to test significance in nesting effort (E) in 1983-1984 vs 1989,

E83_84 = E89 vs E83_84 > Egg (Brownie et al. 1978). We did not include the covariance

term in the formula from Brownie et al. (1978) because we were not able to measure the

covariance in the nesting effort between 1983 and 1984. If there had been any, it would

probably have been positive (loons successful in 1983 would more likely be successful in

1984) which would have increased the value of z. To reject the null hypothesis at the 5%
level, z must be greater than 1.645 (Brownie et al. 1978). This statistic was also used to

compare proportions of nesting adults in 1983 and 1984, using the formula modified for a

two-year comparison (Brownie et al. 1978).

RESULTS

Twenty-six of 29 known territories were occupied by pairs of Yellow-

billed Loons (Table 2). Three vacant nesting territories had been occupied

during the earlier study (North and Ryan 1988). One of the vacant ter-

ritories was occupied by two pairs of Pacific Loons (G. pacified). Only 1

1

(42%) of 26 pairs of Yellow-billed Loons nested in 1989 (Table 2), com-
pared to 76% in 1983 and 79% in 1984. We concluded that clutches from

two of the active nests had been destroyed because we saw fresh eggshell

fragments at the nest. Our assumptions were supported by the behavior

of the adults which were swimming independently of one another on an

adjacent lake. Inaccessibility of nests or proximity of potential predators

precluded counting eggs of three other active nests. The six checked nests

had a total of 1 1 eggs. Proportions of nesting adult loons did not differ

significantly between 1983 and 1984 (z = 0.26). However, the proportion

in 1989 was significantly less than in 1983-1984 combined (z = 3.20).

DISCUSSION

Densities of adult Yellow-billed Loons during our study in the Colville

River delta were similar to densities in 1983-1 984 (North and Ryan 1988).

In three vacant territories, the adults may have been away during our

survey in two cases, although this was unlikely given the stage of the

nesting cycle. We conclude that the third territory was not occupied be-

cause of Pacific Loons in the area. Yellow-billed Loons do not tolerate

Pacific Loons in their territories and act aggressively towards them (Sage

1971, North 1986). The loons that we observed may have included some
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Table 2

Nesting Status of Yellow-billed Loon Pairs Observed on the Colville River

Delta, Alaska, in 1983, 1984, and 1989

1983 1984 1989

Checked territories 25 28 29

Located pairs 25 28 26

Nesting pairs 19 22 11

Non-nesting pairs 6 6 15

Nesting pairs 76% 79% 42%

of the individuals observed in the 1983-1984 study (North and Ryan
1988). Loon pair bonds can last for years (Sjolander 1978), and loons

appear to return to their previous nesting territories (McIntyre 1974).

Strong and colleagues (Strong and Lutz 1986, Strong et al. 1987) reported

reuse of specific nest bowls by Common Loons (G. immer), and speculated

that most pairs probably return to the same territory each year. However,

for Arctic (G. arcticd) and Red-throated (G. stellata) loons in the North-

west Territories, Davis (1972) reported little fidelity to nest ponds, much
less specific nest sites.

Although we observed adult Yellow-billed Loons in most breeding

territories in the Colville River delta in 1989, fewer pairs nested than in

1983-1984. There was a difference of 34-37% in proportion of nesting

pairs between 1989 and the two previous years (Table 2). Some variation

in nesting effort would be expected from annual fluctuations. While little

is known about annual variation in Yellow-billed Loon nesting activities,

Dickson (1992) reported a range of 52-89% of Red-throated Loon pairs

nesting over five years at five locations in the Mackenzie River delta,

Canada. He concluded that only large changes in productivity (31^3%
for a 95% certainty) would be indicative of human impacts because of

other breeding variables. The percent of nesting Yellow-billed Loons on

the Colville River delta in 1989 (42%) is below the annual variability for

Red-throated Loons, and the difference in nesting effort between the 1989

season and the earlier years (1 983-1 984) is within Dickson’s (1992) range

of large changes, suggesting a major impact on the nesting population.

There are several likely factors that would cause results showing oc-

cupied nest territories but low productivity. The most conspicuous factor

is possible impacts of the Exxon Valdez oil spill. If loons on the Colville

River delta had overwintered in Prince William Sound or migrated through

that area, the oil spill may have affected nesting success. Loons are con-

sidered a species with high susceptibility to oil toxicosis (Gullett 1987).
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King and Sanger (1979) assigned Yellow-billed Loons an oil vulnerability

index of 65, the highest among loon species and higher than the average

of 51 for 128 bird species in the Northeast Pacific Region.

Direct mortality from the oil spill may have altered the age structure

of the nesting population. If adults had not survived into the breeding

season, vacant nesting territories may have been quickly filled with newly

paired loons. Croskery (1988) reported that Common Loon territories in

northwestern Ontario were filled within a few days after removal of the

original pair. Available birds would have been present on the Colville

River delta if the habitat was saturated with nesting loons, a conclusion

drawn from North’s study (1986). The oil spill may also have had sublethal

effects on reproductive success. Adult loons that contacted the oil but

survived to the nesting grounds may have ingested small amounts of oil

or transferred oil residues to eggs. Hoffman and Albers (1984) found that

Prudhoe Bay crude applied to Mallard {Anas platyrhynchos) eggs was less

toxic than other crude oils but still caused embryotoxicity.

There are several other possible but less likely explanations for lower

breeding effort in 1989. Some pairs may have lost their first clutch and

repeated nesting later in the season after our fieldwork. However, despite

occasional renesting attempts (Sjolander and Agren 1976), Yellow-billed

Loons commonly have single broods; a replacement brood is improbable

in northern Alaska because ofthe short Arctic breeding season (Sage 1971,

Harrison 1978, North 1986). Some pairs may have elected not to breed

in 1989. Small percentages ofCommon Loons in southern Alaska main-

tain territories but nest only every fourth or fifth year (N. Tankersley,

pers. comm.). However, the large number of non-nesting Yellow-billed

Loons on the Colville River delta in 1989 suggests that causal factors

were affecting the population, not just individual pairs. Weather condi-

tions can influence breeding activities of the loons on the delta. In a late

spring. Red-throated Loons delayed nest initiation and fewer pairs (7 1%
vs 88-92%) laid eggs (Dickson 1992). The decrease in proportion of nest-

ing loons between our study and the earlier study on the Colville River

delta was greater than that reported by Dickson (1992), and the weather

conditions in the summer of 1989 were relatively mild and storm-free

(D. Gibson, pers. comm.).

Without marked birds from the Colville River delta, we cannot be sure

that these Yellow-billed Loons overwintered in or migrated through Prince

William Sound, causing us to be cautious about conclusions on the impact

of the oil spill. However, the Yellow-billed Loon population will continue

to be threatened by oil spills because of its small size, low reproductive

rate, and use of coastal habitat during winter and migration.
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RESPONSES OF NESTING COMMON TERNS AND
LAUGHING GULLS TO FLYOVERS BY

LARGE GULLS

Paul M. Cavanagh' and Curtice R. Griffin'

Abstract.— Disturbance can reduce productivity by disrupting nesting behavior. We
examined responses of nesting Common Terns {Sterna hirundo) and Laughing Gulls {Larus

atricilla) to frequent overhead flights by Herring (L. argentatus) and Great Black-backed

(L. marinus) gulls to determine if such flyovers may have contributed to declines in pro-

ductivity. Common Terns and Laughing Gulls ignored most flyovers (97.9 and 99.4%,

respectively) and selectively responded to large gulls that exhibited behaviors associated

with predation. Common Terns mobbed large gulls more often than did Laughing Gulls {G
= 18.3 1, P < 0.001), but numbers of birds per mobbing were similar between species (Z =

1.206, df = \\, 6, P = 0.2388). We suggest that when conditions favor habituation, the

presence of large gulls has minimal impact on productivity. Received 9 May 1992, accepted

19 Nov. 1992.

Increases in numbers of Herring {Larus argentatus) and Great Black-

backed {L. marinus) gulls have contributed to decreases in populations

of other seabirds in the northeastern United States. Species affected in-

clude the Atlantic Puffin {Fratercula arctica, Kress 1983), Laughing Gull

(L. atricilla, Nisbet 1971), and Arctic {Sterna paradisaea, Kress 1983),

Roseate {S. dougallii, Crowell and Crowell 1946, Nisbet 1973), and Com-
mon {S. hirundo, Crowell and Crowell 1946, Nisbet 1973, Kress 1983)

terns. Large gulls (i.e.. Herring and Great Black-backed) impact smaller

seabirds primarily through competition for nest sites and predation on

eggs and chicks (Burger 1979). Gulls may also affect other seabirds by

disrupting nesting activities (Hatch 1970).

The presence of large gulls in, or over, a tern colony site may disrupt

nesting behavior. Crowell and Crowell (1946:7) suggested the mere pres-

ence of gulls nesting among terns “creates a disturbance to the normal

activities of the latter.” More recent studies (e.g., McNicholl 1973) in-

dicate it is the mobbing response of terns to potential predators that

interrupts nesting activities and that this response varies among colonies.

McNicholl (1973) suggested tern colonies that nest adjacent to potential

predators habituate to those predators, while little habituation occurs

where terns nest away from predators.

Large colonies of Common Terns and Laughing Gulls once nested on

North Monomoy Island (e.g., Nisbet and Welton 1984). Numbers of both

' Dept, of Forestry and Wildlife Management, 204 Holdsworth Hall, Univ. of Massachusetts, Amherst.

Massachusetts 01003-0130.
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species, however, declined sharply during the 1980s (USFWS 1988), as

did the productivity of remaining nesters (Nisbet and Welton 1984). The
amount of nesting habitat available to both species was stabilized in 1979

(USFWS 1988), making competition for nest sites an unlikely cause of

subsequent population decreases. However, remaining colony sites were

located beneath a flight path used by large gulls, and frequent flyovers

may have disrupted tern and Laughing Gull nesting behavior. Our ob-

jectives were to identify responses of nesting Common Terns and Laugh-

ing Gulls to Herring and Great Black-backed gulls that flew over the

Monomoy colonies and to determine if flyovers disrupted nesting behav-

ior.

METHODS

Common Terns and Laughing Gulls nest on the northern-most part of North Monomoy
Island, Monomoy National Wildlife Refuge, Chatham, Massachusetts. A census, conducted

on 12 June 1989, identified 375 Common Tern and 378 Laughing Gull nests within the

colony site. Most nests contained complete clutches at the time of census, and all were

abandoned between 20 July and 3 August. Neither colony fledged any young. Since 1979,

nest destruction and harassment have been used to prevent large gulls from nesting in the

colony site and a 430 m wide buffer strip along its southern border (USFWS 1988). Ap-

proximately 17,000 pairs of large gulls nested to the South of the buffer strip (Cavanagh

1992).

From 21 June to 20 July 1989, we observed responses of Common Terns and Laughing

Gulls to flyovers. We attempted systematic observations one day per week during the two-

hour periods after sunrise and before sundown, periods that coincided with the greatest

movement of large gulls over the colony site (pers. obs.). Frequent fog, however, prevented

observations during some periods. We recorded numbers of flyovers, mobbings, and dis-

turbances. A flyover is defined as the passing of a Herring or Great Black-backed gull over

the colony. Mobbings occurred when one or more Common Terns or Laughing Gulls chased

a Herring or Great Black-backed gull. A disturbance was any event that caused a group of

incubating terns or Laughing Gulls to take flight for purposes other than mobbing. Obser-

vations were made with 7 x binoculars from the northern border ofthe buffer strip. Numbers
of gulls flying over the colony were recorded by species and altitude (20 m or less or greater

than 20 m; Hatch 1970). We identified numbers and species of birds mobbing. We also

identified numbers of terns or Laughing Gulls disturbed and attempted to identify causes

of disturbances.

We tested for differences between Common Terns and Laughing Gulls for numbers of

mobbings, birds per mobbing, disturbances by unknown causes, and birds per disturbance

by unknown causes. A lack of disturbances to Laughing Gulls by large gulls prevented

comparison of disturbances by gulls, and birds per disturbance by gulls. Numbers of events

(i.e., mobbings and disturbances) were evaluated using G-tests with Williams’ correction

(Sokal and Rohlf 1981:706-707), while numbers of birds per event were evaluated using

the Mann-Whitney U statistic (Statistix V. 4.0, Analytical Software, St. Paul, Minnesota).

RESULTS

We observed 2341 flyovers during 12.5 hours of observation. Most
flyovers (N = 2299, 98.2%) were within 20 m of the ground, and many
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were within 1 m. We observed no responses to flyovers at heights greater

than 20 m (N = 42). Forty-nine flyovers at heights of 20 m or less resulted

in mobbings by (N = 48) or disturbances to (N = 1) Common Terns.

Laughing Gulls mobbed 1 5 times in response to flyovers of 20 m or less.

Common Terns averaged 1 1.5 ± 5.2 (x ± SE), and Laughing Gulls 3.0

± 1.9, birds per mobbing. No disturbances to Laughing Gulls by flyovers

were observed. Additionally, we observed 1 1 disturbances to Common
Terns and six disturbances to Laughing Gulls when there were no large

gulls over the colony and no other potential causes could be identified.

Common Terns averaged 116.1 ± 24.0 and Laughing Gulls 75 ± 32.8

birds per disturbance due to unknown causes.

Most responses to flyovers were similar between species. Common
Terns mobbed more often than did Laughing Gulls {G = 18.31, P <
0.001), but no interspecific differences in numbers of birds per mobbing
were detected (Z = L178,df=48, 1 5, P = 0.02388). Both species appeared

to respond to the behavior of large gulls rather than their altitude. All

gulls mobbed either attempted to land within the colony site or noticeably

changed direction while flying over. No gulls that flew directly through

the colony site were mobbed. No interspecific differences were identified

in numbers of disturbances by unknown causes {G = 1.48, P > 0.1) or

birds per disturbance by unknown causes (Z = 1.206, df = 11, 6, P =

0.2278).

We observed few mobbings or disturbances in response to species other

than Herring or Great Black-backed gulls. One Laughing Gull was seen

chasing a Common Tern, and another chasing a Laughing Gull. Common
Terns were never observed mobbing Laughing Gulls. Black-crowned Night-

Herons {Nycticorax nycticorax) were the only potential predators, other

than gulls, that commonly flew over North Monomoy Island. None was

observed during observation periods.

DISCUSSION

Habituation to potential predators may develop under conditions of

repeated exposure and the absence of predatory behavior. McNicholl

(1973) suggested frequent mobbings of Herring Gulls may decrease Com-
mon Tern productivity by reducing time spent incubating, brooding, and

guarding eggs and chicks. Under such conditions, responses of terns to

potential predators should be a balance between habituation and aggres-

sive response (McNicholl 1973). Numbers of responses to flyovers, and

behaviors of gulls mobbed, suggest Common Terns and Laughing Gulls

on Monomoy may have habituated to large gulls. Large gulls flew over

the Monomoy colony site at an average rate of more than three birds per

minute. It is unlikely Common Terns or Laughing Gulls could have main-
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tained nesting activities had they responded to all flyovers. Instead, terns

and Laughing Gulls appeared to respond selectively to those gulls that

exhibited behaviors associated with predation e.g., landing in the colony

site. Ryden (1970:49) reported a similar discriminatory response; terns

attacked only when a gull moved “in a conspicuous manner.” Lack of

response to most flyovers was likely due to habituation to movements
along flight paths, and those few mobbings that occurred represent the

balancing of aggression and habituation.

McNicholl (1973) suggested Common Terns would not habituate to

predators that did not nest among or adjacent to the tern colony. Our
results, however, suggest Common Terns need not nest with potential

predators for habituation to develop. Although habituation may occur

when two species nest together, due to frequent exposure it may also occur

under other conditions. Frequent flights of large gulls over the Monomoy
colony site is believed to have led to the habituation ofterns and Laughing

Gulls, and it is likely any similar prolonged exposure would favor habit-

uation.

Hatch (1970) reported large gulls that flew over a Common Tern colony

site at heights of 20 m or less were mobbed, while those that flew above

20 m were not, suggesting the mobbing response may be height dependent.

Although gulls that flew over 20 m above the Monomoy colony site were

not mobbed, neither were most gulls that flew at heights of 20 m or less.

Mobbings on Monomoy were in response to behaviors associated with

predation (e.g., turning or landing near a nest). Mobbing responses in

Hatch’s (1970) study may have also been influenced by gull behavior

rather than height. Hatch (1970:246) described flights at altitudes of 20

m or less as “hunting flights.” It is likely that the terns in Hatch’s study

were responding to predatory behavior, and that hunting gulls were those

that flew close to the colony site.

Common Terns and Laughing Gulls exhibit different nest defense be-

haviors. Common Terns aggressively defend their nests, attacking poten-

tial predators of varying sizes (e.g., Erwin 1979). Laughing Gulls, in con-

trast, may avoid aggressive interactions with larger species (Burger and
Shisler 1978). Similar differences were reported by Burger and Gochfeld

(1988), who identified interspecific differences in the defensive responses

and aggressive behaviors of seven species of terns. We suggest that in-

terspecific differences in numbers of mobbings observed on Monomoy
represent species-specific nest defense behaviors.

Several factors may have produced disturbances attributed to unknown
causes. Morris and Wiggins (1986) reported external stimuli (e.g.. Herring

Gulls in the colony site) caused small disturbances (i.e., those involving

a small segment of the colony) to nesting Common Terns, while large



Cavanagh and Griffin • RESPONSES TO FLYOVERS 337

disturbances (i.e., those involving almost the entire colony) were an in-

direct consequence of owl predation. On 20 June, two headless Laughing

Gulls and a Great Horned Owl {Bubo virginianus) feather were found in

the colony site, suggesting nocturnal predation. We attribute large dis-

turbances to the after-effects of this predation. Causes of smaller distur-

bances are less readily identified. They were not due to large gulls or other

avian predators, no researcher or other human disturbance was observed,

and there were no mammalian predators on North Monomoy Island.

Observations indicated interactions between Common Terns and Laugh-

ing Gulls were not responsible for disturbances. It is likely that small

disturbances were due to intraspecific interactions. Disturbances due to

such interactions would have been attributed to unknown causes due to

the absence of heterospecifics from the vicinity of the disturbance.

Our observations indicate the location of colonies beneath a flight path

used by large gulls had little effect on Common Tern and Laughing Gull

nesting behavior. Both species ignored most large gulls and appeared to

habituate to their presence. Large gulls that exhibited predatory behavior

were chased out of the colony site, and no predation was observed. We
attribute the failure of the Common Tern and Laughing Gull colonies not

to large gulls but rather to nocturnal desertion in response to nocturnal

predation by Great Homed Owls (Nisbet 1975). Owl predation and as-

sociated egg and chick losses reduced Common Tern productivity on

Monomoy throughout much of the 1970s (Nisbet and Welton 1984).

Although believed to have ceased after 1983 (USFWS 1988), Great Homed
Owl predation may still be affecting tern and Laughing Gull production

on Monomoy. We suggest that when conditions favor habituation, large

gulls have minimal impact on nesting Common Terns and Laughing Gulls.

Under such conditions other factors should be investigated if causes of

decreases in productivity are to be identified.
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FATTY ACID COMPOSITION OF FAT DEPOTS IN

WINTERING CANADA GEESE

Jane E. Austin'’^

Abstract.— I determined the fatty acid composition of subcutaneous, abdominal, vis-

ceral, and leg saddle depots in adult female Canada Geese {Branta canadensis) wintering in

north-central Missouri during October 1984-March 1985. Mean levels of Cl 4:0, Cl 6:0,

Cl 6:1, Cl 8:0, Cl 8:1, Cl 8:2, and Cl 8:3 generally were highest in the subcutaneous and
abdominal depots. The ratio of saturated to unsaturated fats was highest in the leg saddle

depot and lowest in the abdominal depot. I also assessed the differences among sexes, seasons,

and years in fatty acid composition of abdominal fat depots in adult geese collected during

October-March, 1985-1987. Adult females had consistently higher levels of Cl 4:0 in ab-

dominal depots than males. Fatty acid composition of the abdominal depot differed among
years but not by season. In the abdominal depot. Cl 4:0, Cl 6:0, Cl 6:1, and Cl 8:1 were

higher in 1986-1987 compared with the previous two years, whereas Cl 8:3 was highest in

1 984—1985. Differences among years reflected changes in winter diet. Fatty acids ofwintering

geese were similar to those previously found in breeding Canada Geese. Received 2 Oct.

1992, accepted 22 Dec. 1992.

Waterfowl use stored lipids to meet nutritional requirements during the

migratory (Berthold 1975), breeding (Afton and Ankney 1991), and win-

tering phases of the annual cycle. In winter, lipid reserves provide insu-

lation and energy for thermoregulation and may also serve as nutrient

reserves during periods of severe weather or food shortages.

Lipids are stored primarily as triglycerides (Blem 1990). Characteristics

vary with chain length (number of carbon atoms) and saturation (number

ofdouble bonds). Longer-chain fatty acids yield more energy during ,5-ox-

idation than short-chain fatty acids. Unsaturated fatty acids have a lower

melting point and thus are more readily mobilized than saturated fatty

acids (Johnston 1973). Fatty acid composition of adipose tissue in birds

generally varies among seasons (West and Meng 1968, Johnson and West

1973, Yom-Tov and Tietz 1978, Middendorf 1981), but most seasonal

differences have been attributed to fatty acid composition of food con-

sumed (Blem 1990).

Lipid reserves are largely deposited in distinct depots within the body

(e.g., subcutaneous, abdominal, or visceral depots). Investigators of fatty

acid composition of birds have often reported the fatty acid composition

of carcass fat, plasma lipids, or one or two depots but have infrequently

' Gaylord Memorial Laboratory, School of Natural Resources, Univ. Missouri-Columbia, Puxico, Mis-

souri 63960.
2 Present address: U.S. Fish and Wildlife Service, Northern Prairie Wildife Research Center, Jamestown,

North Dakota 58401.
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evaluated differences among depots. Several studies comparing fatty acid

composition among depot fats showed little difference (Johnson and West

1973, Thomas and George 1975, Yom-Tov and Tietz 1978), but Heit-

meyer and Fredrickson (1990) found differences in several common fatty

acids.

The objectives of my study were to (1) compare fatty acid composition

in the abdominal, visceral, leg saddle, and subcutaneous fat depots of

adult female Canada Geese {Branta canadensis)', (2) evaluate differences

in fatty acid composition of abdominal depots among sexes, seasons, and

years of adult Canada Geese wintering in Missouri; and (3) compare fatty

acid composition ofabdominal depots ofgeese in pairs and family groups.

In the first objective, I hypothesized that the most labile fat depots con-

tained a higher proportion of unsaturated fatty acids. In the second and

third objectives, I hypothesized that fatty acid composition did not differ

between sexes or within pairs and family groups, because geese feed to-

gether as family groups, but differed among seasons and years because of

varying diets and habitat use.

STUDY AREA AND METHODS

The study was conducted at Swan Lake National Wildlife Refuge (NWR) in north-central

Missouri (study area is described in Austin [1988]). Adult Canada Geese were collected from

October through March, 1984-1987 by shotgun, rifle, and rocket net. Age and sex were

determined from cloacal and plumage characteristics (Hanson 1962). Geese were frozen

immediately and later were thawed for dissection. Fat samples were excised from each goose,

weighed, and frozen in glass vials at — 40°C until laboratory analysis. Analyses of fatty acids

were performed by the Missouri Agriculture Experiment Station Chemistry Laboratory,

Univ. Missouri-Columbia, using the methods of Gehrhardt and Gehrke (1977) with the

following modifications. Each fat sample was weighed on a cotton square and placed in a

glass thimble for a Goldfisch extractor. The thimble samples were lyophilized for 1 5 h and

extracted with diethyl ether for 4 h. The methyl ester derivative of each fatty acid was used

in analyses. The extract was brought to 100 ml with diethyl ether at room temperature. A
1 -ml aliquot of each sample was analyzed with 1 0% or more reruns to check precision and

extreme values; for duplicate samples, averaged results were used in statistical analyses. A
capillary gas-liquid chromatograph apparatus interfaced with a computer was used to identify

fatty acids. Margaric acid was employed as the internal standard for quantifying fatty acids.

The chromatographic column was a Supelcowax 1 0 fused silica capillary column, 30 m x

0.25 mm ID; oven temperature was programmed from 100 to 200°C at 10°C/min. Results

are expressed as mg/g.

To compare fatty acid composition among depots, samples of four fat depots were excised

from each of 12 adult female geese collected during October 1984-March 1985. The depot

sites were (1) abdominal, a fat pad covering the viscera beneath abdominal muscles; (2)

visceral, fat adhering to intestinal mesentery; (3) leg saddle, a distinct depot overlaying the

knee of the right leg; and (4) subcutaneous, a depot from the underside of the skin in the

intraclavicle area.

I used a multivariate analysis of variance (MANOVA) in a randomized complete block

design to test the hypothesis that no differences existed in mean fatty acid composition
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among the four depots. Birds served as blocks and depots as treatments. If the overall

MANOVA was significant, I examined each of the fatty acids separately by univariate

analysis of variance (ANOVA). If the F-test for depot was significant, I used Fisher’s pro-

tected LSD value to determine which depot(s) differed (Milliken and Johnson 1 984). I pooled

fatty acids into saturated and unsaturated groups and also tested differences in saturation

(ratio of saturated to unsaturated fatty acids) among depots with univariate ANOVAs. If

the ANOVA was significant, I used Fisher’s protected LSD value to determine which depot(s)

differed (Milliken and Johnson 1984). All statistical analyses were conducted with SAS
system programs (SAS Institute, Inc. 1990) with the significance level set at F = 0.05.

To compare fatty acid composition among sexes, years, and seasons, I selected 36 adult

male and 42 adult female Canada Geese from 163 collected during October-March, 1985-

1987. These individuals, which had been marked with neck collars, were selected because

I had repeated sightings of them during the year they were collected. I excised and analyzed

only the abdominal fat depot because it is the largest and most readily identifiable and

accessible depot.

I tested the hypothesis that sex, year, and season had no significant effect on mean fatty

acid composition. Because seven of the season-sex-year groups had no data and others had

small sample sizes, I first evaluated the infiuence of season by Julian date (hereafter referred

to as date) rather than by specific seasons. I assumed a completely randomized design and

used a multivariate analysis ofcovariance approach with individual birds as the experimental

units and date as a covariate. I first tested whether date was dependent on group (two sexes

by three years), which would identify covariate interaction with group (e.g., all males were

collected early in the year). Secondly, I ran a MANOVA to test dependency of fatty acids

on date within the six groups. If the overall MANOVA test was significant, I examined each

of the fatty acids separately using univariate analysis of variance (ANOVA). If the F-test

for a depot was significant, I used Fisher’s protected LSD value to determine which sexes

or year(s) differed (Milliken and Johnson 1984).

I pooled fatty acids into saturated and unsaturated groups for each sample and tested for

differences between sexes and among years in saturation (ratio of saturated to unsaturated

fatty acids) using univariate ANOVAs. If the F-test was significant, I used Fisher’s protected

LSD value to determine which sexes or year(s) differed (Milliken and Johnson 1984).

Among the geese collected were five adult pairs and two geese each from three family

groups. The pair or family status was known based on observations of neck bands during

that year. Because pairs and families feed together throughout the nonbreeding season, I

expected that fatty acid composition of fat depots would be similar within pairs and families

and strongly correlated between the two birds in each group. I used Pearson’s product

moment correlation to examine relations between birds for each of seven fatty acids.

RESULTS

Myristic (Cl 4:0), palmitic (Cl 6:0), palmitoleic (Cl 6:1), stearic (Cl 8:

0), oleic (C 1 8: 1 ), linoleic (C 18:2), and linolenic (C 1 8:3) acids were detected

in all samples (Table 1). Laurie acid (Cl 2:0) was detected in trace amounts

in 12 of 92 abdominal samples (x = 0.72 mg/g, N = 90) and in two of

12 visceral samples {x = 0.76 mg/g). Arachidonic acid (C20:4) was de-

tected in only two (<2%, N = 126) of all depot samples (3.7 and 12.3

mg/g).

Depots differed in mean levels of fatty acids (Wilks lambda = 0.100,

F = 4.58, df = 21, 78, P = 0.0001) (Table 1). Only C14:0 did not differ
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Table 1

Fatty Acids (mg/g) in Four Fat Depots of Adult Female Canada Geese (N = 12)

Collected at Swan Lake National Wildlife Refuge, North Central Missouri,

DURING October-March, 1983-1984

Fatty acid p*

Subcutaneous Abdominal Visceral Leg saddle

X SE .X SE X SE X SE

C14;0 0.056 2.7“ 0.1 2.9“ 0.1 2.6“ 0.2 2.4“ 0.2

(0.4) (0.4) (0.4) (0.4)

Cl 6:0 0.036 145. 3‘’ 8.5 140.3“*’ 8.7 129.4“ 8.0 126.3“ 8.5

(20.3) (20.0) (20.0) (20.5)

C16:l 0.001 20.P 2.3 23.6^ 2.7 19.0*’ 1.9 15.9“ 2.0

(2.8) (3.4) (3.0) (2.6)

C18:0 0.010 51.2^ 2.7 49.1“ 2.3 48.6“ 3.1 52.4“*’ 2.6

(8.0) (7.0) (7.8) (8.5)

C18:l 0.003 344.8*’ 14.3 335.7*’ 1 5.1 302.2“ 1 7.8 295.5“ 1.5.4

(48.1) (47.8) (47.1) (48.0)

C18;2 0.003 128.5*’ 19.1 131.6*’ 20.4 121.4*’ 19.1 107.9“ 16.0

(17.9) (18.7) (18.9) (17.5)

C18:3 0.005 18.4*’ 3.1 19.6*’ 2.9 18.3*’ 3.3 15.8“ 2.8

(2.6) (2.9) (2.9) (2.6)

* P values from univariate ANOVA to test Ht,: no difference in mean fatty acid level among depots,
a.b.c Values within each fatty acid followed by different superscript letters are different {P < 0.05) based on Fisher’s LSD

test. Percentage of total detected fatty acids are in parentheses.

among depots, although the result was marginal {F = 2.79, df = 3, 33, P
= 0.056). Mean levels of most fatty acids were highest in subcutaneous

and abdominal depots and lowest in visceral or leg depots. Visceral and
leg saddle depots contained a larger proportion ofnonextractable residues,

such as additional connective tissues, mesentery, and blood vessels. Mean
total detected fatty acids were 716.9 mg/g in the subcutaneous depot,

702.7 mg/g in the abdominal depot, 641.6 mg/g in the visceral depot,

and 616.3 mg/g in the leg saddle depot.

The ratio of saturated to unsaturated fatty acids also differed among
depots (F= 17.52, df = 3, 33, P = 0.0001). Leg saddle depots contained

the highest mean ratio of saturated to unsaturated fatty acids (0.421),

followed by the subcutaneous (0.407), visceral (0.402), and abdominal

depots (0.381).

Fatty acid composition of sex-year groups showed no significant dif-

ference {F = 1.1, df= 5, 73, P = 0.369) by date. Because the MANOVA
to test dependency of fatty acids on dates was marginally nonsignificant

(Wilks lambda = 0.408, 7^= 1.43, df = 42, 285, P = 0.051), I tested the

relationship between date and individual fatty acids. I detected a weak
relation between date and individual fatty acids, which were inconsistent
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from year to year. Therefore, I concluded that none of the fatty acids

depended significantly on date and proceeded to run a MANOVA, ig-

noring date, to test for the effects of year and sex.

Fatty acid composition of the abdominal depot was affected by year

(Wilks lambda = 0.412, F = 5.26, df = 14, 132, P = 0.0001) and sex

(Wilks lambda = 0.743, F = 3.26, df = 7, 66, P = 0.005). 1 found no
interaction between year and sex (Wilks lambda = 0.861, F = 0.73; df =

14, 132; P = 0.737). Only C14:0 differed among sexes (P = 0.023) when
each fatty acid was examined independently. Females consistently had
higher levels than males (3-year least squares means [LSMEANS] ± SE
of 3.32 ± 0.11 vs 2.96 ± 0.11, respectively).

Levels of five of seven fatty acids (Cl 4:0, Cl 6:0, Cl 6:1, Cl 8:1, and
C18:3) differed among years (Table 2). C14:0, C16:0, C16:l, and Cl8:l

were significantly higher in 1986-1987 than in the previous two years.

This pattern was reversed for Cl 8:3, which was markedly higher in 1984-

1985 than in the later two years.

The ratio of saturated to unsaturated fats was not dependent on date

{F = 1.27, df = 6, 66, P = 0.286), so date was not included in the model
for MANOVA tests. Saturation differed among years (F = 3.84, df = 2,

72, P = 0.026) but did not differ between males and females {F = 1.13,

df = 1, 72, P = 0.291). Pair-wise comparisons among years revealed that

the only year-to-year differences occurred between 1984-1985 and 1985-

1986.1 found no interaction between sex and year (Wilks lambda = 0.975;

F = 0.45; df = 4, 142; P = 0.772). Saturation was lowest in 1984-1985

(LSMEANS = 0.401) but similar between 1985-1986 (0.442) and 1986-

1987 (0.425).

Birds in pairs and families had similar fatty acid composition. No
consistent differences in fatty acid composition were apparent by sex

within pairs or families except for Cl 8:1, for which adult females tended

to have slightly lower levels than their mates. Four fatty acids (Cl 6:0,

Cl 8:1, Cl 8:2, and Cl 8:3) showed high correlations as expected between

the two birds within the pair or family (r > 0.50, P < 0.10 [P values

indicate whether r differed significantly from 0]). C 1 4:0, C 1 6: 1 ,
and C 1 8:0

showed weaker correlations (r = 0.37, P = 0.344; r = 0.5 1 ,
P = 0. 1 9; and

r = 0.33, P = 0.33, respectively). One pair, which included a radio-

equipped female, had been separated by 12 km for two weeks in late

winter before reuniting. This pair differed only slightly in fatty acid com-

position; Cl 8:1 was higher in the male (374 vs 281 mg/g).

DISCUSSION

The results ofmy study, if expressed as a percentage of total fatty acids,

are similar to those of Thomas and George (1975). Using this expression
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Table 2

Fatty Acid Composition (mg/g). Expressed as LSMEANS, of Abdominal Fat Depots

IN Adult Canada Geese Collected at Swan Lake National Wildlife Refuge,

North Central Missouri, during October-March, 1985-1987

Fatty acid p*

1984-1985
(N = 32)

1985-1986
(N = 26)

1986-1987
(N = 20)

Jc SE Jc SE Jc SE

C14;0 0.006 2.9 O.U 3.0 O.U 3.5 0.2'^

(0.4) (0.4) (0.4)

C16:0 0.005 144.4 6.U 154.1 6.4" 177.1 1.6^

(20.3) (21.5) (21.9)

C16:l <0.001 19.9 1.3^ 22.0 1.4" 29.7 1.6^^

(2.8) (3.1) (3.7)

C18:0 0.252 56. 2.3 62.2 2.4 60.9 2.9

(8.0) (8.7) (7.5)

C18:l 0.001 349.3 12.5^ 367.5 13.2" 425.4 15. 8*^

(49.1) (51.3) (52.5)

C18:2 0.286 117.2 7.0 101.0 7.4 107.7 8.9

(16.5) (14.1) (13.3)

C18:3 <0.001 20.6 1.6*’ 6.2 1.7" 5.9 2.1"

(2.9) (0.9) (0.7)

* Significance levels (P) from univariate ANOVA to test Hj,: no difference in mean fatty acid level among years.

Values for each fatty acid followed by different superscript letters are different {P < 0.05) based on Fisher’s LSD test.

Percentage of total detected fatty acids by mass are in parentheses.

of results, the most important differences in fatty acid composition be-

tween the two studies occur in postreproductive males. Males in the earlier

study had a smaller proportion of Cl 6:0 (16.9%) and Cl 8:1 (34.1%) and
larger proportions ofCl 8:2 (30.4%) and Cl 8:3 (12.2%) triglycerides, which

are probably related to differences in dietary fatty acids (Thomas and
George 1975:164).

Fatty acid composition of carcass or depot lipids is largely related to

diet (e.g., Yom-Tov and Tietz 1978, Middendorf 1981, Heitmeyer and
Fredrickson 1990). In this study, fatty acid composition of depot fat of

migrant and wintering Canada Geese reflected the fatty acid composition

of common dietary items, both native and agricultural. Com, soybeans,

and milo, the most commonly consumed agricultural grains, are high in

Cl 8:1 and Cl 8:2 and relatively high in Cl 6:0 (National Research Council

1984). Seeds of smartweed (Polygonum) and spikerush (Echinochloa) and
tubers of yellow nutsedge (Cyperus esculentus), commonly consumed na-

tive moist-soil foods (Eggeman et al. 1989), are high in Cl 4:0, Cl 6:1, and
Cl 8:3 relative to com and are similar to com in their high levels of Cl 8:1

and Cl 8:2 (Heitmeyer and Fredrickson 1990). Green forage consumed
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by geese, primarily young leaves of winter wheat, clover, and pasture

grasses, provide Cl 6:0, Cl 8:0, and Cl 8:3 fatty acids (Mead and Fulco

1976, Tinoco 1982).

Contrary to my results, Thomas and George (1975) found no difference

in fatty acid composition of visceral and claviculo-coracoid depots for

the same populations of premigrant (geese at Swan Lake NWR in early

March), postmigrant (on arrival on the breeding grounds), and postre-

productive geese (following nesting) that I studied. However, their results

were based on small sample sizes, and, like other comparisons of fatty

acid composition among depots (Johnson and West 1973, Yom-Tov and
Tietz 1978, Middendorf 1981, Heitmeyer and Fredrickson 1990), were

expressed as a percentage of total detected fatty acids rather than as mg/g
of fat tissue (this study). When the mean values in Table 1 are expressed

as percent of detected fatty acids, little difference in saturation is found

among depots (0.305-0.312).

Although most highly saturated, the leg saddle was the most labile of

fat depots in Canada Geese, as measured by the slope of the relationship

between depot mass and total carcass lipid content (g) (Austin 1988). This

is contrary to the expectation that the more labile depot would have the

lowest level of saturation. Heitmeyer and Fredrickson (1990) found that

the most labile depot of Mallards {Anas platyrhynchos) (abdominal) con-

tained more Cl 8:2 and Cl 8:3 and had a low level of saturation, similar

to that of the mallard leg saddle. In the Canada Geese I studied, the

abdominal depot was the least saturated with high levels of Cl 6:0 and

Cl 8:0. However, this depot also contained relatively high levels of Cl 8:2

and Cl 8:3 and seemed to be intermediate in terms of lability. Saturation

of the subcutaneous depot was intermediate compared to the high satu-

ration level in Mallards. This depot seems to be conservatively utilized

in waterfowl (Bailey 1979, Heitmeyer 1985, Austin 1988) and likely serves

as insulation during fall and winter.

Detecting seasonal differences in fatty acid composition of waterfowl

can be confounded by slow turnover rates in adipose tissue, degree of

change in dietary fatty acids, and the investigator’s sampling schedule

relative to changes in a bird’s diet. However, the lack of seasonal or sexual

differences in fatty acid composition of geese in this study was expected

because oftheir diverse diets (Eggeman et al. 1 989) and habitat use (Austin

1988). Fatty acid composition of other avian species also becomes more

uniform when diets are diversified, such as in Common Redpolls {Car-

duelisflammea) (West and Meng 1968) and Northern Bobwhite {Colinus

virginianus) (Robel and Klopfstein 1985).

Of the five fatty acids that varied among years. Cl 8:3, a typical chlo-

roplast fatty acid (Tinoco 1982), was unique in that its level was highest
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in 1984-1985. This reflects the greater availability and frequency of use

of winter wheat forage by Canada Geese in that year (Austin 1988).

In contrast, Cl 4:0, Cl 6:0, Cl 6:1, and Cl 8:1 were highest in 1986-1987

when cornfields received less use and other habitats, such as moist-soil

units, received greater use (Austin 1988). C14:0 occurs at relatively high

levels in soybeans (Cherry et al. 1985) and some moist-soil foods (Heit-

meyer and Fredrickson 1990) but does not occur in com (National Re-

search Council 1984). Canada Geese and other waterfowl can use native,

moist-soil foods extensively (Fredrickson and Taylor 1982, Austin et al.

1993), but few of these foods have been evaluated for their fatty acid

composition and nutritional value (Matthiesen and Stoller 1978, Heit-

meyer and Fredrickson 1990).
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SHORT COMMUNICATIONS

A hybrid manakin (Pipra) from Roraima, Brazil, and a phylogenetic perspective on hy-

bridization in the Pipridae.—On 17 September 1987, I captured an unusual male Pipra in

a line of mistnets at BV-8, Roraima, Brazil (4°29'N, 61°09'W) in a patch of forest at

approximately 900 m elevation. I collected the bird and it was prepared as a study skin.

The specimen (Field Museum of Natural History—FMNH 344171) is a hybrid between a

White-fronted Manakin {Pipra serena), and a Blue-crowned Manakin {P. coronata), a pre-

viously unreported combination (Parkes 1961). Here, I describe the specimen, explain how
the putative parents were identified, and discuss the pattern of hybridization in Pipridae

from a phylogenetic perspective.

The skull was completely pneumatized and testes measured 2 x 1 mm. The plumage is

primarily non-glossy black. However, the black feathers of the flanks and lower breast have

a blue tone, lacking on the rest of the body plumage. A similar blue tone to the abdominal

feathers occurs in P. coronata carbonata, the subspecies of P. coronata that occurs at BV-

8. The crown of the hybrid specimen is sky blue, becoming darker on the nape. The rump
and upper tail coverts are cobalt blue. The feathers of the abdomen are basally black, broadly

tipped with dull yellow with a greenish tone, forming an irregular patch from the lower edge

of the breast to the vent; the undertail coverts are green.

The fifteen species ofthe family Pipridae that occur in the border region of the Venezuelan

state of Bolivar and the Brazilian state of Roraima constitute the pool of potential parental

species. In analyzing the possible parents, I assume that a hybrid should possess either the

phenotype ofone ofthe parental types or an intermediate phenotype in each ofthe characters

that differ between the parents (see Graves 1990).

The contrasting blue rump of the hybrid, as well as its yellow abdominal patch, unequiv-

ocally identify one parent as P. serena, as no other species in this region possess contrasting

color patches in these regions (see Table 1). The race occurring in tepuis, P. suavissima

(considered a separate species from P. serena in Prum 1990a), seems more likely both

geographically and based on plumage than nominate P. serena. Although P. serena suav-

issima was not encountered at BV-8, it is known to occur in the tepuis of this region at least

as close as Pauri-tepui (Phelps and Phelps 1963), about 50 km from BV-8. P. s. serena is

known no closer than southern Guyana and Suriname, about 400 km distant. In addition,

P. s. serena has a tuft of orange-yellow feathers on the breast and short, plush feathers on
the forecrown. There was no indication of a tendency toward either of these conditions in

the hybrid.

The identity of the second parent as P. coronata seems no less certain. Only P. coronata

possesses a blue crown (although of a darker tone than on the hybrid specimen), and only

it and the substantially smaller Dwarf Manakin {Tyranneutes stolzmanni) (mass ca 7 g) and
the larger Thrush-like Manakin {Schijfornis turdinus) (mass ca 30 g) possess olive undertail

coverts. In neither of the other species, which Prum (1990b) has in fact argued convincingly

do not belong in Pipridae at all, are these a different color from the lower abdomen, as in

the hybrid and P. coronata. Additionally, the hybrid is intermediate in external measure-

ments between P. serena (data from specimens from Cerro de Neblina, FMNH) and P.

coronata (data from specimens collected at BV-8; specimens from other sites not included

because there appears to be a dine in size in the subspecies P. c. carbonata, with smaller

birds southward), arguing against a much larger or smaller species as a parent (see Table 2).

At BV-8, P. coronata was the most abundant bird in mist nets, while, as noted above, P.

serena was not encountered. In the tepuis P. coronata and P. serena replace one another

348
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Table 1

Plumage Characters of P. serena suavissima, P. coronata

Presumed Hybrid

CARBONA7A, AND

R. serena suavissima Hybrid R. coronata carhonala

Crown color White with Light

Sky Blue (1680**

posterior edge

Sky Blue (168C)

darkening to

Venetian Blue

(168B) on nape

Cobalt Blue (168)

with Ultramarine

(270) on the pos-

terior edge

Crown patch Forehead and front Entire crown in- Entire crown in-

extent half of crown eluding nape, but

narrowing on

nape

eluding nape

Rump color Sky Blue (168C) Cobalt Blue (168) Black with indis-

tinct purplish tips

to feathers

Abdominal

color

Orange Yellow (18) Black basally,

broadly tipped

yellow, near Sul-

fur Yellow (157),

but with a green-

ish tone

Blackish Neutral

Gray (82), some
individuals show

an olive cast to

abdomen

Undertail co-

verts

Black narrowly

edged with

yellow

Leaf Green (146) Leaf Green to Dark

Neutral Gray

“ Capitalized color names and numbers are from Smithe 1975.

altitudinally (Willard et al. 1991) with P. coronata at lower elevations. It seems likely that

the contact between P. serena and P. coronata needed for hybridization occurred when a P.

serena wandered downslope from nearby higher peaks (elevations over 1 200 m occur within

15 km of BV-8). The displays of P. coronata and P. serena are very similar (Prum 1985,

although the display of P. s. suavissima is unknown). The combination of extreme rarity of

one parental type and the similarity of displays should help encourage occasional hybrid-

ization in such a situation.

In fact, within the P. serena superspecies (including P. coronata, P. serena, P. iris, P.

coeruleocapilla, P. isidorei, P. nattereri, and P. vilasboasi) the lack of hybridization among

adjacent species is striking (Haffer 1970). The contact between lowland black P. c. coronata

and green P. c. exqiiisita is characterized by a broad zone of intermediates (Haffer 1970),

but none of the other contact zones shows any hybridization. The five lowland species arc

isolated from one another by river courses, so perhaps hybridization is not to be expected;

however, P. coeruleocapilla, P. isidorei, and P. serena all replace P. coronata altitudinally,

without an extrinsic barrier between the populations. P. coeruleocapilla and P. coronata. at

least, occur syntopically (captured on the same mistnet line in southeastern Peru, specimens

in FMNH), apparently without hybridizing.

Parkes (1961) discussed the known hybrids in the family Pipridae. At that time, all were

the result of pairings between species placed in different genera. Since then, one of the pairs,

Teleonema fUicauda x P. aureola or P. fasciicauda, has been changed from an intergeneric
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Table 2

Selected Measurements of Male P. serena sua vissima, P.

Presumed Hybrid

CORONATA CARBONATA, AND

P. serena suavissima
(N = 4) Hybrid P. coronata carbonata (N = 6)

Mass^* 10.4 ± 0.34 10.1 9.4 ± 0.67

Wing 59.4 ± 1.03 63.0 63.5 ± 0.93

Tail 28.4 ± 1.73 29.8 30.3 ± 0.54

Bill length 6.9 ± 0.34 6.5 6.5 ± 0.14

Tarsus 14.7 ± 0.54 14.8 13.7 ± 0.55

“ Mass in g, other characters in mm (x ± SD); bill length taken from anterior edge of nostril.

hybrid to a hybrid between component species of a superspecies (Haffer 1970, Snow 1975),

owing to changes in taxonomic thinking (the close relationship of the monotypic Teleonema

to Pipra was noted by Parkes [1961, 1978]). The hybrid P. serena x P. coronata is another

example of a hybrid between component species of a superspecies.

As a result, within Pipridae, the pattern of known hybridization (3 intergeneric hybrids

and 2 hybrids within superspecies) remains a more extreme version of that noted by Parkes

(1961, 1978) for the family Parulidae, where the vast majority of hybrids are either inter-

generic or among members of superspecies. Sibley (1957) suggested that the genera of

Pipridae were probably oversplit owing to the reliance on male secondary sexual characters

to demarcate genera, so that the parents of intergeneric hybrids may not necessarily be

distantly related. Bledsoe (1988) has argued that the lack of a well-corroborated phylogenetic

hypothesis for the Parulidae and the strong probability that various genera, especially Den-

droica and Vermivora, are not monophyletic makes interpretation of the pattern of hybrid-

ization in that family impossible. His point is a valid one; however, Parkes’ argument (1978)

that the various species ofeastern North American forest Dendroica are more closely related

to each other than they are to Mniotilta or Seiurus still rings true, even without an explicit

phylogenetic hypothesis.

In Pipridae, such a phylogenetic hypothesis now exists (Prum 1990a, 1992). Prum (1992)

placed the P. serena superspecies in a different genus, Lepidothrix and tribe Manacini, along

with Manacus, Chiroxiphia, and Antilophia, from the rest of Pipra. Although the genus

Pipra appears not to be monophyletic, the basic pattern implied by the prevalence of in-

tergeneric hybrids remains true: hybrids generally occur between members of a superspecies

or between rather distantly related taxa. Prum (1990a, 1992) found that the P. aureola and
P. erythrocephala superspecies are sister taxa, but there are no hybrids known between them
despite their being broadly sympatric through much ofAmazonia. Yet both have hybridized

with the distantly related Manacus, placed in a different tribe and separated phylogenetically

from them by four genera (Prum 1 992). Even if one were to take an extreme view and lump
all of these genera together, creating a large and diverse Pipra, it does not change the fact

that the parents in these hybrid combinations are phylogenetically distant.
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Kirtland’s Warblers benefit from large forest tracts.—There is growing recognition that

some songbirds prosper only on tracts of suitable habitat larger than logic would suggest—
that is, larger than the total of their defended territories. Recent declines in some American

songbirds have focused attention on the role of forest fragmentation, especially among

Neotropical migrants (Askins et al. 1990). The Kirtland’s Warbler {Dendroica kirtlandii)

provides a prime example. Present evidence suggests that major increases in the population

of this species have resulted from the sudden availability of very large tracts of suitable

habitat on the nesting grounds. Very large forest fires that have produced vast areas ofyoung

jack pine (Pinus banksiana) repeatedly have resulted in increases in the bird’s population

over more than a century.



352 THE WILSON BULLETIN • Vol. 105, No. 2, June 1993

This history began in 1871. In that year, “an empire burned” in the pinelands of the

Great Lakes states (Pyne 1982). In the heart of the Kirtland’s Warbler nesting range in

Michigan more than 500,000 ha burned. This unprecedented fire provided an enormous

increase in nesting habitat for the warbler. Indeed, this fire, and the lumbering before and

after it, largely transformed the original white pine (P. strobus) forests into jack pine on the

sandy uplands of northern Michigan (Zimmerman 1956). In a little more than ten years

after the 1871 fire, Kirtland’s Warbler became more numerous in winter and in migration

than ever before or since.

The best evidence for the warbler population in that period was in the Bahama Islands,

where the bird winters. Here Henry Bryant collected assiduously in winter and spring of

1859 and 1866 without finding any Kirtland’s Warblers. All of this changed in the 1880s

and 1890s, however, when visitors found the warblers on virtually all the islands. They

brought back 63 specimens between 1879 and 1897. Charles Maynard took 24 specimens

from one area of New Providence Island in 1884 (Mayfield 1960). In contrast, many more

searchers with better binoculars have had difficulty finding the species in winter in recent

decades. The few sight records usually have been of single birds seen briefly.

Also in the 1880s and 1890s, although bird watchers were few, they found several spring

migrants, verified by specimens, as far west as Missouri and Minnesota, where they have

not been seen since. A larger population should produce more migratory strays. The few

records over the last century in the southeastern states give some insight into the route

traveled but not the size of the population (Mayfield 1960).

No precise measurement of the population existed until 1951, when a count on the nesting

ground showed 432 singing males (about 25% greater than recently). One half of these came
from the sites of two fires, one of 12,500 ha in 1933 and one of 1 1,300 ha in 1939 (Mitchell

and Robson 1950).

Ten years later, in 1961, the census was repeated, and the population had increased 16%
to 502 singing males. At this time the burned areas of 1933 and 1939 were still occupied

by warblers, and a fire of 7500 ha in 1946 was now accounting for nearly a quarter of the

population. Since that time the contribution from separate fires is hard to measure because

extensive plantings of pines, sometimes overlapping burned tracts, are often used by nesting

warblers. Between 1946 and 1980 there were no fires larger than 4000 ha within the nesting

range.

The third decennial census, in 1971, revealed an alarming decrease of 60% from the 1961

count, to 20 1 singing males. Steps to help the bird were instituted. These included annual

counts and removal of Brown-headed Cowbirds {Molothrus ater) from nesting sites. This

brood parasite arrived in the region about 1880 and steadily became more numerous and
damaging during the present century. Calculations predicted the extinction of the Kirtland’s

Warbler by 1 980 ifcowbirds were not restrained (Mayfield 1975). Beginning in 1972effective

cowbird control began, but the warbler population did not rebound as hoped. The numbers
of warblers remained nearly flat over the next 20 years, varying between 167 and 242 males.

In 1991 the first significant increase in decades raised the count to 347, with more than half

the total from the new 1 1,300 ha Mack Lake bum of 1980, the largest fire in more than 50

years. This total increased to 397 in 1992. Please note, however, that only a fraction of a

burned tract ordinarily produces habitat suited to Kirtland’s Warblers (Mayfield 1992).

This is not to imply that major fires produce all the habitat used by the warbler. In most
years, there are dozens of fires and clear-cuttings of various extent. These events affect nearly

200,000 ha of forest on which jack pine is the dominant tree. However, only a small fraction

is suitable for the warbler at any one time, less than 10,000 ha at present. It would be useful

to refine our estimate of available habitat, but this is difficult. Some tracts of marginal size

that look acceptable to us are not occupied, and some that appear unsuitable attract nesting
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warblers. Every student of the warbler since the discovery of the first nest in 1903 has

remarked on areas that appeared similar to occupied tracts but had no warblers. For example,

the warbler seldom nests on tracts less than 30 ha, but sometimes it does so. Also it seems
not to use all the space available to it. It now nests on 21 sites in seven counties.

While it is clear that changes in the population of Kirtland’s Warbler are affected by

availability of large tracts of nesting habitat, we cannot ignore the problems of survival on

the wintering grounds, where the bird spends more than half of each year. We know little

ofthe bird’s life in the Bahama Islands, but since the warbler population has been remarkably

stable over the last 20 years, and the climate and vegetation there have changed little in

centuries, we see no cause for alarm there at present. Attempts to clear the scrub forests

and farm the thin soil reached their peak in the 1800s, and there is little evidence of

deforestation on most of these islands at present (Mayfield 1992). The Bahamas are stable

geologically and climatically, except for occasional hurricanes which may be devastating at

the point of impact but hit only a few islands at one time. We have found no correlation

between population size and the occurence of hurricanes. Like many other warblers nesting

in North America and wintering in the Neotropics, Kirtland’s Warbler seems solitary in

winter and may be affected by variations in food supply. Eyewitnesses reported heavy

mortality among songbirds in the Bahamas during a drought in the winter of 1971-1972,

with “bushels of dead birds’’ along the roadsides (Radabaugh 1974). During the 1980s,

Lawrence Ryel and Duncan Evered (unpubl. data) separately found positive correlations

between annual counts in Michigan and rainfall at Nassau in the Bahamas. The fluctuations

have been modest, but we cannot discount possible serious effects from a series of dry

winters.
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Male Kirtland’s Warbler with incubation patch.—An adult male Kirtland’s Warbler (Den-

droica kirtlandii) with an incubation patch was mist netted on the morning of 1 9 July 1991,

13 km SSE of Mio in Huron National Forest, Oscoda County, Michigan (44°32'36"N,

84°03'24"W). The bird’s age and sex were determined by plumage coloration, worn feather

condition, molt pattern, and unflattened wing chord of 72.0 mm. We have never had a

female of this species with a wing chord greater than 70.0 mm in length (Sykes and Kepler,

unpub. data). The bird was undergoing fall basic definitive molt, weighed 14.2 g, and had

a subcutaneous fat score of zero (Helms and Drury 1960). We color banded it uniquely

(dark blue above red on the left leg and dark blue above U.S. Fish and Wildlife Service

aluminum band no. 2020-63494 on the right), photographed it in the hand (Fig. 1), and

released it. No measurements of the incubation patch were taken. Captured at the same

time in the same net was a hatching-year (HY) female of unknown relationship to the male.

In the course ofour research on the Kirtland’s Warbler on its breeding grounds in Michigan

(1984, 1986-1991), we captured 106 individual AHY males (some more than once per year

and in more than one year). All males were examined for fat and molt condition with each

capture; of all males scrutinized, only the individual mentioned above had an incubation

patch. Through July and well into August, all AHY female Kirtland’s Warblers we examined

(N = 80) had obvious incubation patches.

The incubation patch of passerines is located in the ventral apterium. No contour feathers

are lost in the formation of the patch, but all the down feathers within the apterium are

molted during its development, facilitating transfer of heat from the body of the incubating

bird directly to the eggs (Bailey 1952). Formation of the incubation patch is correlated with

the nesting cycle and consists of four basic changes: (1) defeatherization stage, (2) vascu-

larization stage, (3) edematous stage, and (4) recovery stage (Bailey 1952). Although not

microscopically confirmed, the male Kirtland’s Warbler was believed to be in the recovery

stage. The edema and vascularity subside during recovery, and the epidermis returns to

normal by the time the young are able to fly and feed themselves (Bailey 1952). Refeath-

erization of the apterium occurs during the fall basic definitive molt. Thus, all evidence and
circumstances suggest that our male was in the recovery stage.

In his definitive study, Bailey (1952) never encountered a male incubation patch among
passerine species. Vemer and Willson (1969) reported incubation patches in males of nine

species of non-Parulinae passerines. However, Vemer and Willson (1969) cautioned that it

is usually impossible to determine if males on the nest are simply covering the eggs or

applying heat to them. Among the Pamlinae, males generally do not incubate the eggs

(Chapman 1917, Hann 1937, Lawrence 1948, Kendeigh 1952, Meanley 1971, Pulich 1976,
Morse 1989). Nolan (1978) found no evidence of male incubation in his extensive study of
the Prairie Warbler (T)^«Jrazca discolor). Most accounts of incubating male warblers, namely
Nashville (Vermivora ruficapilla). Northern Parula {Parula americana). Black-throated Green
{D. Virens), Blackburnian {D. fusca). Pine (Z). pinus). Black-and-white {Mniotilta varia), and
Hoodtd (Wilsonia citrina) warblers, as reported in Bent (1953), are open to question because
of misinterpretations and identification errors (Bent 1953, Mayfield 1960, Vemer and Will-

son 1969, Morse 1989). In a study of Hooded Warblers in Maryland, a single male was
discovered to have assumed the female role, built nests, and incubated eggs during two
consecutive years (Niven 1993). The bird was collected and proved to have normal testes

with no ovarian tissue; it did not have an incubation patch (Niven 1993, D. K. Niven, pers.

comm.). Mayfield (1960) stated that incubation is performed entirely by the female in the

Kirtland’s Warbler, but presented a 1951 case in which a male briefly settled on the eggs.

Walkinshaw (1983) found that incubation usually was performed only by the female Kirt-
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Fig. 1 . Ventral view ofAHY male Kirtland’s Warbler showing incubation patch, Oscoda

County, Michigan, 19 July 1991.

land’s Warbler, but he told us that he once observed a male sitting on eggs for a brief period

(L. H. Walkinshaw, pers. comm.).

Male warblers generally do not brood or shade the young (Chapman 1917, Kendeigh

1945, Lawrence 1953, Stewart 1953, Cox 1960, Elliott 1969, Nolan 1978, Morse 1989).

However, there are a few exceptions. Walkinshaw (1959) found a male Prairie Warbler that

brooded and shaded the young, and Niven (1993) noted an instance of brooding by a male

Hooded Warbler. In the Kirtland’s Warbler, Mayfield (1960, p. 100) reported a male in

1932 “fully snuggled down on the young after feeding them,’’ as observed by Harry W.
Hann, and Walkinshaw (1989, pers. comm.) discovered a male brooding nestlings in 1970.

Incubation and brooding by male warblers is an infrequent behavior that requires further

investigation. The male Kirtland’s Warbler herein reported appears to be the first docu-

mented case of a male Parulinae with an incubation patch.
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Temporal differences in size of Northern Saw-whet Owls during spring migration.— North-

ern Saw-whet Owls {Aegolius acadicus) exhibit reversed sexual size dimorphism, males being

smaller than females (Earhartand Johnson 1970, Mueller 1986, McGillivray 1987). Various

sexing criteria using wing chord have been published (Anonymous 1980, Weir et al. 1980,

Buckholtz et al. 1984), but their accuracy has been questioned (Mueller 1982, 1990; Slack

1992). Using such criteria, Weir et al. (1980) concluded that females preceded males during

fall migration. Mueller (1990) questioned the utility of these sexing criteria to show differ-

ential timing of migration by sex; he noted that all but the largest and smallest individuals
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in the sample are excluded by such criteria. To avoid this problem, Duffy and Kerlinger

(1992) used regression analysis of wing chord on date to test for sex differences in the timing

of fall migration at Cape May Point, New Jersey; they detected no differences. Differential

timing by sex has not been examined for spring migration. We used regression analysis to

examine sex differences in the timing of spring migration of Northern Saw-whet Owls at

Whitefish Point, Michigan. Because of sexual size dimorphism, if differential timing by sex

occurs, the regression should detect a relationship between time of migration and size.

Owls were captured in mist nets (121 mm stretched mesh) placed in the jack-pine {Pinus

banksiana) woods at the tip of Whitefish Point, Chippewa County, Michigan. We banded
owls for 2-6 weeks every spring from 12 April-5 June, 1985-1988. Several individuals

banded owls during these years (see Carpenter 1987); here we only included owls banded

by us to minimize error from individual variation in measurement technique. Most owls

included were measured by the senior author, so measurement error should be minimal.

We recorded wing chord and tail length to the nearest mm. Owls were also weighed to the

nearest g with a 300 g Pesola scale. Owls with two generations of remiges were aged ASY
(after-second year), and owls with a single generation of remiges were aged SY (Evans and

Rosenfield 1987). Data from all years were pooled, as too few owls were banded within a

single year to permit statistical analysis.

Northern Saw-whet Owls begin arriving at Whitefish Point during early April; migration

peaks in mid to late April; a smaller, secondary peak occurs in late May, with a few individuals

captured in early June (Carpenter 1987, 1989; Grigg 1991). We numbered the days of the

migration period, starting with 1 April = 1 . Then we regressed wing chord, tail length, and

mass on date. Northern Saw-whet Owls exhibit sexual size dimorphism for all three mea-

surements (Earhart and Johnson 1970), so if sex differences in the timing of migration exist,

the regressions should reveal them. We also did a principal component analysis (PCA) to

obtain an estimate of size that incorporated all three measures. To make mass more com-

patible with the two linear measures, we used the cube root of mass in the PCA. The scores

on the first principal component (PC 1) were then regressed on date. Two regressions were

done for each measure of size: one for ASY and one for SY owls. Analysis of variance was

used to determine if regression coefficients (b) were significantly different from zero (Zar

1984); differences were considered significant if P < 0.05. All calculations were done using

Statistical Analysis System (SAS Institute 1985).

ASY owls were slightly larger than SY (Table 1), as has been shown for fall migration

(Mueller and Berger 1967, Buckholtz et al. 1984). All three measures loaded highly (0.80,

0.83, and 0.85 for tail length, weight, and wing chord, respectively) on PC 1 ,
which accounted

for 69% of the variance. The only regression that was significant for ASY owls was wing

chord. Tail length was the only regression that was not significant for SY owls. Wing chord

exhibited the best relationship with date, followed by weight; tail length showed no rela-

tionship. For SY, but not ASY owls, the scores on PC 1 showed a better relationship with

date than did the univariate measures (Table 1). The proportion of the variance explained

by the regressions that were significant was small (<0.20, H, Table 1). The proportion of

small versus large owls varied over the course of the migration period, but the overall size

range remained similar throughout the migration period; this was probably the reason that

so little of the variance was explained by the regressions. Small owls constituted a high

proportion of the owls early in the migration period. In contrast, toward the end of the

migration period, large owls predominated. For example, the mean wing chords of SY owls

banded in April versus May-June were 134.10 and 137.03 mm, respectively; these differ-

ences were significant {t = 2.636, df = 58, F = 0.0108, 2-sample /-test). Since males are

smaller than females, these size differences are most likely due to males preceding females
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Table 1

Descriptive Statistics and Regressions for Three Measures of Size for Northern
Saw-whet Owls Banded during Spring Migration, Whitefish Point, Michigan"*

N Mean ± SD Range r- b F p

ASY birds

Wing 26 136.73 ± 4.15 127-142 0.20 0.10 6.132 0.0203

Tail 28 71.71 ± 3.21 61-78 0.04 0.04 1.081 0.3081

Mass 26 93.65 ± 11.32 65-113 0.13 0.23 3.635 0.0686

PC 1 24 0.13 0.02 3.527 0.0737

SY birds

Wing 60 135.57 ± 4.45 127-148 0.09 0.07 5.671 0.0206

Tail 62 69.90 ± 3.69 58-78 0.04 0.03 2.230 0.1406

Mass 60 89.45 ± 9.02 74-112 0.09 0.14 5.386 0.0238

PCI 59 0.10 0.02 6.361 0.0145

“ Each measure of size was regressed on date. PC 1 = the scores on the first principal component from a principal

component analysis done using all three measures; r- = the coefficient of determination; b = the regression coefficient.

during spring migration. Laparotomies on migrant owls will be necessary to confirm sex

differences in the timing of migration.

This study pooled owls banded during different 2-6 week periods each spring, so we could

not examine annual differences in temporal variation in size within the migration period.

Weather conditions influence the initiation of spring migration (Slack et al. 1987), so there

probably was some annual variation. However, pooling would tend to obscure rather than

enhance temporal differences in size, so the differences we reported should not be due to

pooling. Still, future research should examine annual variation so its effect can be assessed.
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Reverse mounting in the Black-throated Blue Warhler.— Reverse mountings (female mount-

ing male) have been reported in 29 bird species (Nuechterlein and Storer 1989, Bowen et

al. 1991), the majority (76%) of which are non-passerines. Only seven species (24%) of

passerines have been observed reverse mounting. These include Zebra Finch {Poephila

guttata, Morris 1954), European Starling (Sturnus vulgaris, Glick 1954), Rook (Corvus

frugilegus, Coombs 1978), Painted Bunting {Pa.sserina ciris, Thompson and Lanyon 1979),

Northwestern Crow {Corvus caurinus, James 1983), American Redstart {Setophaga ruticilla,

Ficken 1963), and Prairie Warbler {Dendroica discolor, Nolan 1978). Here, I report an

observation of reverse mounting in another species (and the third wood-warbler), the Black-

throated Blue Warbler {D. caerulescens).

On 20 May 1991, James Tucker and I observed a male and a female Black-throated Blue

Warbler on and near to the ground beneath a hobblebush {Viburnum alnifolium) shrub.

These birds had been defending this territory for over one week. The female was on top of

a rotting log, and the male was approximately 10 cm below her on the ground. With his



360 THE WILSON BULLETIN • Vol. 105, No. 2, June 1993

body crouched and flattened to the ground, the male walked back and forth two or three

times, approximately 20 cm each way, doing a “wing-quiver,” a behavior generally used by

females in many bird species to solicit a mount. This behavior is consistent with other

reports of reverse mounting (Nuechterlein and Storer 1989). I have also observed this

submissive “wing-quiver” behavior used by fledglings of this same species when begging

for food from adults. The female then dropped on top of the male in the mounting position.

The male then continued to walk back and forth two or three times with the female mounted

on his back. This entire episode lasted approximately 6-8 sec. The female then dismounted

the male and returned to the top of the log and began preening, at which time the male flew

off. No vocalizations were heard before, during, or after the mounting.

This pair was subsequently color-banded. The male was banded on 22 May and identified

as a second year male, and the female was banded on 12 June and identified as an after

second year female (Pyle et al. 1987). The female laid the first of four eggs on either 23 or

24 May and eventually fledged all four young from the nest on 15 June.

Given the frequency and diversity of species that have been observed reverse mounting,

many authors have concluded that this is not aberrant behavior, but instead a part of the

courtship and mating ritual of birds (Nuechterlein and Storer 1989, Bowen et al. 1991).

One proximate cause, first put forth by Morris (1955), proposes that reverse mounting is

the result of submissive or subordinate behavior in males combined with aggressive and

dominant behavior by females, a combination of behaviors likely to occur when younger

males pair with older, and possibly more dominant, females. Although not hypothesized

by Morris, the ultimate cause of this behavior might be to allow older females to provide

extra “stimulation” to an inexperienced male to copulate. This may be the case for the

Black-throated Blue Warblers I observed, because the male was a yearling, and the female

was at least two years old. Pairing between older females and younger males occurred in

two additional species ofpasserines in which reverse mountings have been reported (Painted

Buntings, Thompson and Lanyon 1979, Northwestern Crow, James 1983). No mention of

age was given for the other four species of passerines. In the studies of non-passerines, some
observers found no correlation between reverse mounting and age (Bowen et al. 1991,

MacRoberts and MacRoberts 1976), whereas others made no mention of age (Nuechterlein

and Storer 1989, Ortega-Ruano and Graves 1991).

Reverse mountings have been reported most commonly in non-passerines (Nuechterlein

and Storer 1989), particularly species of larger body size that breed in open habitats. The
frequency of reverse mountings observed in non-passerines is probably biased by the ease

of observing copulations. I know of only three observations of normal, male mounting

female copulations in Black-throated Blue Warblers, two by myself in 1990 and one by Jenn

Barq (pers. comm.) in 1992. All were similar. These copulations all ocurred 3-8 m above

the ground on horizontal branches. In the two copulations I witnessed the female was seen

doing a wing-quiver prior to the mounting by the male. The male then mounted the female

for 2-3 seconds and flew off. The female then began preening. Because observations like

these ofeven “normal” copulations of forest passerines, especially parulids, are uncommon,
it is not surprising that this is only the third species of warbler to be observed reverse

mounting. If this is a regular phenomenon exhibited by passerine birds, then observations

of reverse mounting will likely increase as more intensive research is conducted on the

population dynamics of individual bird species.
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First autumnal report of birds from Rum Cay, Bahamas.— Recently, Buden (Wilson Bull.

102:45 1^68, 1990) provided a list ofbirds collected or encountered on Rum Cay, Bahamas,

from January through July, 1 886 to 1 989. During the autumn of 1 98 1 , 1 also recorded birds

at Rum Cay. My observations, made from Oct. 30 through Nov. 1 ,
appear to be the only

records of fall birds for the island. These records serve to expand our understanding of

Neotropical migrants and residency of some indigenous birds of the Bahamas.

My methods were similar to those of Buden (walking existing roads and trails and recording

species and numbers encountered) except that there were no replicates and no attempt was

made to quantify abundance. In only a few hours ashore (<10 cumulative), I observed

approximately 51% ofthe island’s known avifauna (Table 1 ). On October 31,1981, torrential

rains associated with a late season tropical storm may have contributed to avian fallout,

particularly for warblers (N = 119), which represent 35% of all species seen during this brief

period and 58% of the total species list. Nomenclature and order follow the AOU (AOU

1983, Checklist of North American birds, 6th edition, A.O.U., Washington, D.C.) and

supplements.
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First documented records of the Arctic Tern on the Pacific Coast of Mexico. —Arctic Terns

(Sterna paradisaea) migrate from the Arctic where they breed (Alaska, Greenland, and Arctic

islands reaching 83°N latitude) to near the Antarctic (at 74°S latitude), traveling a distance

of more than 17,000 km. According to the American Ornithologists’ Union Check-list of

North American Birds (6th Ed. A.O.U., Washington, D.C., 1983), this species “Migrates

primarily at sea, casually through the Hawaiian Islands, along the Pacific coast from Alaska

to southern California . . . ,
and off the Pacific coast of South America from Colombia to

Chile. Casual or accidental in interior California . . .
.” Until recently, the only known records

from Mexico were sightings from Los Coronados and Guadalupe islands off the northern

part of Baja California (Wilbur, S. R. 1987. Birds of Baja California. Univ. Calif Press,

Berkeley, Los Angeles and London), but there were no specimens that documented these

occurrences.

In Michoacan, Mexico, and specifically at the beaches of“Maruata’’ (18°21'N, 103°16'W),

“Colola” (18°25'N, 103°18'W) and “El Farito’’ (18°05'N, 102°49'W), nine specimens of

Sterna were collected from several groups of terns that were resting on the sand during the

nights of Oct. 16 and 17, 1983, Oct. 23, 1985, and Oct. 18 and 22, 1986.

Initially it was thought that they were Common Terns (S. hirundo), the most common
species in the region during the winter. However, when they were inspected carefully and

compared with other museum specimens, I realized that they did not correspond exactly

with the description of S. hirundo. The characteristics that distinguish S. paradisaea are the

reddish beak, shorter culmen (28.80-29.50 mm, mean = 29. 16 mm), and small tarsi (15.25-

16.65 mm, mean = 15.95 mm). In contrast, S. hirundo has a blackish beak, larger culmen

(32-40.5 mm), and longer tarsi (17.5-20.5 mm) (Blake, E. R. 1977. Manual of Neotropical

Birds. Vol. 1. Univ. of Chicago Press, Chicago and London). In December 1985, four of

the specimens were identified as S. paradisaea by Dr. Alan R. Phillips, and subsequently I

identified the five specimens obtained later, using Phillips’ criteria. These specimens are

deposited in the Coleccion Omitologica of Universidad Michoacana de San Nicolas de

Hidalgo (U.M.S.N.H.: Num. 3998-4002, 5054, 5056-5058).

Eight of the specimens are immatures in the first basic plumage, as judged by the de-

scriptions of A. C. Bent (Life Histories of North American Gulls and Terns. U.S. National

Mus. Bull.:249-255, 1918). The other specimen is an adult male with a worn alternate

plumage and in the process of molting. It is probable that all the individuals were migrating,

judging by the scarcity of fat reserves and gizzards empty of food. If their winter migratory

route crosses from some locations in California directly over the sea to South America, their

occurrence on the Mexican coast could be due to some displacement, probably related to

unfavorable weather conditions. However, another more likely explanation could be that
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this population stops in some sites during the night to rest. Their migration starts in Alaska

during late August; they have been recorded along the Pacific coast of southern Canada and
the northern United States at the beginning of September and in California during late

September and the first days of October. The new records from the western coast of Mexico
were in late October. It is possible that this species was not formerly reported because of

the short time spent on the Mexican coast and their preference for migrating off shore. The
occurrence during the same time period in three different years suggests that immatures and
at least some adults of Sterna paradisaea may be regular fall migrants along the Pacific coast

of Mexico.

Jose Fernanekd Villasenor, Coleccion Ornitologica & Museo de Historia Natural “Manuel
Martinez Solorzano”, U.M.S.N.H., Ave. Ventura Puente No. 23, Bosque Cuahutemoc, Mo-
relia, Michoacdn 58020, Mexico. (Present address: Division ofBiological Sciences, University

of Montana, Missoula, Montana 59812, U.S.A.) Received 2 Nov. 1992, accepted 23 Dec.

1992.
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Swainson’s Hawk predation on dragonflies in Argentina.— Swainson’s Hawks {Buteo

swainsoni) have a diverse diet consisting of mammals, birds, reptiles, amphibians, and a

wide array of invertebrates (Bent 1937, Dunkle 1977, Schmutz et al. 1980, Bednarz 1988,

Steenhof and Kochert 1985). A number of observations document extensive feeding on

invertebrates, including crayfish (White 1966), crickets (White 1966), grasshoppers (Bent

1937, Taylor 1946, Woffinden 1986), and dobsonflies (Bent 1937). Predation on inverte-

brates generally involves flocks of Swainson’s Hawks preying on aggregations of inverte-

brates. Here we report on Swainson’s Hawk predation on invertebrates in Argentina that

was notable because of the taxon involved and the magnitude of the event.

On 17 December 1991, we observed an aggregation of dragonflies (Odonata, Anisoptera)

approximately 6 km NE of San Clemente del Tuyu, Province of Buenos Aires, Argentina.

The location is approximately 1 km from the coast, and the habitat is a mosaic of salt marsh,

freshwater marsh, and pampas. When first observed at a distance of 2-4 km, we thought

the dragonfly aggregation was smoke from a grassfire. The aggregation was moving north

in association with a weather front that passed our position coincident with the passage of

the dragonflies. The wind shifted from the north (40 kph) to the south (30 kph), and the

ambient temperature dropped approximately 6-8°C. We estimated the aggregation to be

approximately 1000 m in diameter and in excess of 500 m in height. Ground velocity of

the aggregation was estimated at 12-15 kph. The density ofindividuals within the aggregation

was estimated at 10-1 5/m^ in the lower portion of the column, and declined only minimally

until near the upper limits. The calculated number of dragonflies based on these estimates

is 3. 9-5. 9 X 10^ individuals.

Associated with the dragonflies were 200-300 Swainson’s Hawks foraging actively in the

upper portions of the aggregation. Many individuals were soaring at great heights above the

aggregation. The hawks captured dragonflies by soaring into the aggregation and seizing

individuals in their talons. They would then proceed to feed on the dragonflies while soaring

and maintaining pace with the rapidly moving aggregation. This foraging behavior is similar

to accounts of Swainson’s Hawks preying on grasshoppers (Woffinden 1986), dobsonflies,

and unidentified insects (Bent 1937).

Prior to the passage of the dragonflies, occasional Swainson’s Hawks were observed for-
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aging in the area. These hawks appeared to ignore the numerous dragonflies present over

the marshes and appeared to be hunting for vertebrates in the surrounding grasslands. The

hawks presumably switched to predation on dragonflies when these became superabundant

and easily available in the aggregation. The number of hawks feeding on dragonflies com-

pared to the density present in the general area prior to the dragonfly arrival suggests that

hawks had been recruited to the dragonfly aggregation from several hundred km^.
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The White-faced Swift in Jalisco, Mexico.— Recently, Navarro et al. (Wilson Bull. 104:

55-64 ^ 1992) described a new species of swift of the genus Cypseloides based on four

specimens collected in the mountains of Guerrero and Michoacan in southwestern Mexico.

The White-faced Swift {Cypseloides storeri) is very similar to the White-chinned Swift (C.

cryptus of Central and South America, but differs most obviously in having a broad white

frosting on the forehead, lores, and chin; in having whitish as opposed to sooty postorbital

feathers; and in the gradually tapering as opposed to more abrupt shape of the face (Navarro

et al. 1992). A fifth specimen (deposited at the Coleccion Zooldgica, Laboratorio Natural

Las Joyas, LNLJ) was found dead along the Las Joyas stream during the rainy season (June-

September 1990) at the Univ. de Guadalajara’s “Estacion Cientifica Las Joyas” in the Sierra

de Manantlan Biosphere Reserve, Autlan, Jalisco. The site (19°36'N, 104°18'W) is at ap-

proximately 1 800 m above sea level. The dominant vegetation is pine-oak forest, and the

most common tree species are Pinus douglasiana and Quercus elliptica, followed in abun-

dance by P. oocarpa, Q. acutifolia and Q. glaucescens (L. Sanchez, pers. comm.). The site

is approximately 1 00 m downstream from a waterfall from where other swifts, presumably

of the same species, have been flushed on other occasions. The specimen is unsexed with
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a slightly worn plumage and no evidence of molt in tail and wing feathers. The white frosting

of the forehead, the chin, and postorbital feathers is evident, although slightly tinged with

buff owing to exposure. The tail is square-shaped with exposed shafts. Measurements are

as follows: tarsus 16.79 mm, wing chord 137.54 mm, and tail length 44.61 mm. All these

measurements fall into the range known from the other available specimens.

This finding represents an extension of the known range of the species of about 200 km
north of the nearest record in Tacambaro, Michoacan (Navarro et al. 1992) and supports

the hypothesis that the species is endemic to the mountains of western Mexico. It also shows

that the Balsas Basin, which is at the middle of the known range of the species, does not

constitute a strong barrier. The distribution of C. storeri overlaps broadly with that of the

White-naped Swift {Streptoprocne semicollaris), which is another endemic swift species of

western Mexico (Benitez et al., unpubl. data).
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COMMENTARY

“Diurnal activity centers” and “information centers”: a need for more critical study.—

Observations by Caccamise and Morrison (1986, 1988) and Caccamise (1991) have docu-

mented the use of preferred feeding sites (which they term diurnal activity centers or DACs)

by roosting European Starlings (Sturnus vulgaris). They have developed a DAC-centered

“patch-sitting hypothesis” ofcommunal roosting as an alternative to the information center

hypothesis of Ward and Zahavi (Ward 1965, Ward and Zahavi 1973). Although the obser-

vations themselves are interesting, I suggest that the theory developed from them by Cac-

camise and co-workers lacks explicit predictions which differ from those of the information

center hypothesis. My criticisms address two general points (1) that observations by Cac-

camise (especially 1991) given in support of his hypothesis are consistent with the infor-

mation center hypothesis and (2) that fidelity to a DAC is not evidence against the role of

information exchange in communal roosts.

Caccamise and Morrison (1986, 1988) and Caccamise (1991) reported that starlings used

a variety ofcommunal roosts near preferred feeding sites and that such feeding sites (DACs)

were attended consistently by individual birds in the post-breeding season (June to early

August). Later in the autumn, starlings began to attend larger roosts, farther from their

DACs. Caccamise (1991) found that this shift coincided with a decline in food supply (soil

invertebrates) on the DACs and with a switch to food from “supplemental feeding areas”

(SFAs) which provided mainly fruit. Caccamise (1991) interpreted these observations as

evidence against the information center hypothesis which proposes that communal roosts

provide centers for the exchange of information about the location of clumps of an unpre-

dictable and patchy food supply. Caccamise and Morrison (1986) suggested that starlings

switched to the larger, distant roosts simply because the latter were closer to SFAs or were

linked to the DAC via a route which passed over SFAs, thereby minimizing commuting
distance and time. However, these arguments appear to contain a number of shortcomings.

First, Caccamise (1991, p. 13) misinterprets the information center hypothesis when he

states that it “carries the implicit assumption of a roost-centered foraging distribution . . .

the roost should lie at the center of the group of feeding sites used by individual birds”.

Although central positioning would be advantageous, it is not a necessary assumption of

the information center hypothesis; indeed. Ward and Zahavi (1973) pointed out that large

communal roosts often occupy traditional sites, which need not be at the center of a feeding

area but may rather occupy a conspicuous topographical feature or rare habitat site which

provides advantageous roosting conditions (e.g., visibility or protection from weather). Such

features may unavoidably be otfset in relation to nearby potential feeding sites, and the

foraging distribution might then appear to be centered upon a particularly useful foraging

site or DAC. Despite the fact that a position central among a group ofSFAs is not a necessary

characteristic of an information center, it obviously increases foraging efficiency if the in-

formation center is close to potential feeding sites. Caccamise and Morrison (1988) found

that larger roosts did tend to be nearer to SFAs. This is consistent with both the information

center hypothesis and the patch-sitting hypothesis of Caccamise and Morrison (1986) and
is not evidence that the latter is true and the former false.

My second point concerns Caccamise’s (1991, p. 14) statement that the use of a DAC
with a variety of small roosts during the late summer is “clearly contrary” to the roost-

centered assumption of the information center hypothesis. There are two faults with this

argument. First, since the roost-centered assumption is not essential to the information

center hypothesis, these observations need a more cautious interpretation. Second and more
serious, although it is true that DAC-based foraging combined with switching between small

368
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roosts implies that information centers are not of over-riding importance to starlings during

the late summer, this is consistent with the information center hypothesis, not contrary to

It. Ward and Zahavi (1973) envisaged species which might require information at certain

times of year but not at others, the latter occurring when food was more abundant and/or

easier to find. Some European Turdus fall into this category and their social organization

varies accordingly (Tye 1982). Since starlings in late summer use a DAC, which provides

a predictable and stable food supply, they fall into the category of birds which do not require

information exchange at that time, as clearly stated by Ward and Zahavi (1973). For this

reason, one would not expect them to use a large, traditional communal roost where predation

pressure might be higher (Ward and Zahavi 1973) but to switch between less conspicuous

roost sites. In these respects, the late summer behavior of the starlings studied by Caccamise
is consistent with the information center hypothesis. In other words, Caccamise and Mor-
rison’s (1986) patch-sitting hypothesis is not strictly an alternative to the information center

hypothesis; it was, in fact, part of the latter as formulated by Ward and Zahavi (1973).

My third point concerns the observation that during the autumn (late August), Caccamise’s

starlings switched to using larger roosts, farther from their late-summer DACs. Concurrently,

they began to forage in a wider variety of habitats (SFAs) and increased their dietary diversity,

taking more fruit and seeds. The birds continued to spend much daylight time on-, and to

obtain some invertebrate food from their DACs, but obtained most of their food from SFAs.

Stewart (1978) was the first to notice this fidelity to feeding sites by starlings, although he

collected few data on marked birds and did not use the term DAC; he also noted the proximity

of winter roosts to SFAs (consistent with both hypotheses). Caccamise ( 1 99 1 , p. 14) suggests

that “DAC fidelity provides benefits in addition to those associated with foraging there.

Otherwise, there would be no reason to return to the DAC at times when birds travel to

SFAs to supplement their diets.” However, to Caccamise (1991, pp. 14-15), the “benefits

ofDAC fidelity [in such circumstances] remain unclear”, although Morrison and Caccamise

(1990) list several possibilities. I would dispute that DAC fidelity need provide benefits

other than foraging ones and suggest two such benefits which were not considered by Mor-

rison and Caccamise (1990) or by Caccamise (1991). First, a DAC may continue to provide

a reliable (if scarce) source of invertebrate food as a protein supplement, as in Turdus spp.

which largely eat fruit in the autumn and winter (Tye 1 982). Consistent with this, Caccamise

found that starlings continued to obtain invertebrate food from their DACs. Second, a DAC
might function as a subsidiary information center, similar to the daytime roosts used by

Red-billed Quelea (Quelea quelea\ Ward 1965), where starlings might take advantage of the

foraging knowledge of others by following them to good SFAs of which they had no prior

knowledge. Accordingly, Caccamise (1991) found that flock size on the DACs increased in

late August, when DAC food declined and roost size and relative use ofSFAs both increased.

In other words, the patch-sitting hypothesis provides no explicit reason for the continuance

of DAC fidelity through periods when the bulk of the food is obtained from SFAs, while

the information center hypothesis might do so. However, from my own observations of

Turdus spp., I believe the major benefit of DAC fidelity is provision of invertebrate food.

A fourth point arises from Caccamise’s (1991, p. 14) statement that one prediction of the

DAC-based patch-sitting hypothesis is that “foraging substrate quality should decline on

DACs as increasing proportions of the local roosting population become associated with

large roosting congregations, i.e., when more individuals are leaving their DACs to forage

elsewhere”. It is true that such behavior is consistent with the patch-sitting hypothesis, but

it is also predicted by the information center hypothesis in that when the food supply becomes

less stable, less predictable, and more patchy more information is required to track the food

supplies, so birds would be expected to congregate in larger roosts (see Zahavi 1971, Ward

and Zahavi 1973). Thus, Caccamise’s observations ofsuch roost-switching at times ofdecline
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B
Fig. 1 . Relative locations of hypothetical roosting and feeding sites.

in the DAC food supply are consistent with the information center hypothesis. Caccamise’s

test of this “prediction” of the patch-sitting hypothesis does not therefore permit him to

conclude that his observations support the patch-sitting hypothesis and counter the infor-

mation center hypothesis. His observations of a change in the character of the food supply

and a concurrent change in roosting behavior simply do not distinguish between the two.

My fifth criticism lies with the suggestion by Caccamise and Morrison (1986, 1988) and

Caccamise (1991) that the use of a large, distant roost combined with continued attendance

at the DAC allows starlings to minimize travel time to SFAs while permitting two visits

per day to each SFA (but only one to the DAC). This is not necessarily true, even in the

special case most favorable to this suggestion where the SFAs lie on a line between the roost

and the DAC (minimum daily return trip twice the distance from roost to DAC). In other,

more general, circumstances, it is even less likely to be true that a distant roost minimizes

travel time; a small roost close to the DAC, such as starlings used earlier in the season

(Caccamise 1991), would in most conceivable arrangements ofroost, DAC, and SFAs involve

travelling a comparable distance or less. Fig. 1 illustrates the situation most favorable to

Caccamise’s case, where SFAs X, Y, and Z lie on a line between large roost A and DAC D.

A small roost B, near D, could clearly result in a smaller travel time, while still visiting all

but one feeding site twice, depending on the precise locations of A and B relative to the

feeding sites (in Fig. 1 both roosts provide equal travel distance and number of visits to

feeding sites: 2AD = BD x DB). Whether to use A or B then depends on the balance of

advantages of time and distance savings and of visiting a given SFA or DAC once or twice

a day. Waltz (1982) presents a discussion of some other aspects of this problem.

In many cases, including communally roosting Turdus species (Tye 1982), changes in the

location of good food supplies may be such as to prevent birds from adopting Caccamise’s

ideal roost location (with SFAs on a line between roost and DAC) for much of the time. If

so, then the advantage of attending a large distant roost for the purpose of saving commuting
time may disappear or apply only intermittently. The fact that large distant roosts were used

by starlings clearly suggests some determining factor other than travel time.

A sixth and related point is that even if a roost distant from the DAC does provide the

shortest commuting route, the large roosts encountered cannot simply be an adaptation to

reduce travel times; small roosts should also serve this purpose (given that the large roosts

observed attracted birds from several scattered DACs, which fed at several scattered SFAs).

The problem that remains as to why roost size increases, a problem dealt with by the

information center hypothesis but not by the patch-sitting hypothesis.

A final point is that the relationship between feeding success and roosting population

found by Caccamise (1991, his Fig. 4) is clearly consistent with the information center

interpretation in that when food is harder to find, roosts should be larger. The decline in

roost population during September and October was interpreted by Caccamise (1991) as a
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switch back to the use of small roosts, although Caccamise apparently obtained no direct

evidence that this was so “because the small roosts . . . are difficult to detect” (p. 22). Perhaps
an alternative interpretation is that many starlings ceased roosting in the study area alto-

gether; certainly, starling roosts in many parts of the United Kingdom remain large or

continue to grow in size through the winter (pers. obs.). Alternatively, ifCaccamise is correct

and birds do switch back to small roosts, this may be because their food supply becomes
easier to track or is more abundant, thereby reducing the need for information. Consistent

with this, Caccamise (1991) found an increase in feeding success at that time (his Figs 3

and 4). Further data on roosts in areas surrounding Caccamise’s field site and on changes

in food availability within it are essential to clarify this point.

In conclusion, many of the observations of Caccamise and Morrison provide the kind of

circumstantial evidence for the existence of information centers, on which Ward and Zahavi

(1973) based their original proposal, and which has been produced by many studies of

communal roosts since. More critical analysis, following the guidelines suggested by Weath-

erhead (1987), Mock et al. (1988), and Richner and Marclay (1991), would be necessary to

determine whether a given set of behavior patterns does or does not facilitate information

exchange in the way envisaged by Ward and Zahavi (1973). It might be possible to use a

marked population, such as that studied by Caccamise (1991), to investigate experimentally

the recruitment of individuals to SFAs as done by Gori (1988). The patch-sitting hypothesis

may have relevance for starlings, but proving that it does so does not at the same time prove

that information exchange is not important in the same circumstances and that the infor-

mation center hypothesis is invalid. Circumstances may indeed be envisaged where use of

DACs and information centers both carry advantages and where birds may combine a use

of both. The two are not mutually exclusive, and evidence for DAC use does not auto-

matically counter the information center hypothesis.
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The “patch-sitting hypothesis”: a parsimonious view of communal roosting behavior.—

Tye (1993) points out in his commentary that some predictions of our “patch-sitting hy-

pothesis” (Caccamise and Morrison 1986, 1988; Caccamise 1991) share possible outcomes

with the “information center hypothesis” (ICH). I agree with this conclusion, but I maintain

that this results mainly from a lack of rigor in the definition of ICH, which in turn leads to

predictions so compliant that they may be found consistent with a considerable variety of

research outcomes. Furthermore, the “insurance corollary” (Zahavi 1985) ofthe ICH makes

this hypothesis essentially non-falsifiable, and as such ICH provides an exceedingly weak
theoretical foundation for examining communal roosting behavior. In an effort to infer

support for tenets of ICH from our results, Tye (1993) resorts both to the “insurance

corollary” and to a fundamental modification in the basic tenets of ICH— that information

exchange takes place away from the communal roost. Neither approach adds to our un-

derstanding of communal roosting behavior, while both tend to obscure the real difficulties

in applying ICH to our field observations. In his conclusion, Tye calls for critical analyses

based on studies of marked populations. Again, I agree, as it was exactly this approach using

radio-tagged birds that led us to conclude ICH was unlikely to provide a suitable explanation

for our observations of communal roosting behavior.

My reply will show that our results are at variance with two fundamental tenets of ICH.

These differences provide very convincing evidence that ICH is unlikely to apply in any

important way to the systems we studied. This led us to develop an alternate explanation

for communal roosting behavior— the “patch-sitting hypothesis” (PSH). It is based on three

explicit assumptions, and by yielding a multitude of falsifiable predictions, provides a robust

foundation for examining communal roosting behavior.

Background.— 'Ne began looking at communal roosting in 1978 with the specific goal of

showing how European Starlings (Sturnus vulgaris) employed information exchange to locate

feeding sites from their communal roosts. Initially, our work was at the population level

(e.g., Caccamise et al. 1983, Fischl and Caccamise 1985, Caccamise and Fischl 1990) which

provided a view of regional patterns in communal roosting behavior. In 1979, we began

radio-telemetric studies of individual birds to understand patterns of movement between

roosting and foraging areas (Morrison and Caccamise 1985; Caccamise and Morrison 1986,

1988; Morrison and Caccamise 1990). Most of our work was with European Starlings

(Sturnus vulgaris), but we have also worked with Common Crackles (Quiscalus quiscula).
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American Robins (Turdus migratorius). Red-winged Blackbirds {Agelaius phoeniceus), and,

most recently, American Crows {Corvus brachyrhynchos).

Most important of our findings was that the foraging distributions for all individual birds

we studied were centered around their daytime foraging area or diurnal activity center (DAC)
and not their roost (Morrison and Caccamise 1985). While birds often changed roosts from
night to night, they remained faithful to the same small DACs for months where they spent

essentially all of the daylight hours. Our definition of DAC originated from the maps we
made of field locations for radio-tagged birds (Morrison and Caccamise 1985). The diurnal

locations were consistently very tightly clustered within a small area (2—4 km^) for up to

the 120 day field life of radios. The strict site fidelity displayed by the birds was substantiated

by our high rate of success at finding individuals on their DACs (up to 99% of attempts)

at randomly determined times during the day. Site fidelity to the DAC remained throughout

the entire post-breeding roosting season (June-early November) and through the winter for

birds that did not migrate (Caccamise, pers. obs.).

Our observations point to two fundamental contradictions in our results with expectations

of birds using roosts as information centers. First, the consistent fidelity to DACs we found

for roosting birds is neither predicted by nor consistent with ICH. The very foundation of

ICH is built on the assumption that birds roost because food patches are ephemeral. It is

this ephemerality that renders information on the location of replacement food patches

valuable, thereby giving birds a reason to return to a roost. Our observations show unam-
biguously that our roosting birds do not switch among food patches. They either forage

exclusively on their DAC early in the season, or they forage late in the season both on their

DAC’s and at food patches associated with roosts. The association of patches (supplemental

feeding area or SFA) with roosts in our experience does not change over time. Examples of

SFA’s we have identified include a land fill, watered turf farm providing invertebrates, com
field, and a patch of fmiting trees. Birds may switch their SFA by switching roosts, but they

do not switch among SFAs from a single roost. These observations show that birds cannot

be using roosts as information centers in ways consistent with ICH when they (1) use the

same stable patches for weeks or months, and (2) do not switch among patches based on a

visit to a roost. Despite hundreds of field observations we have never had an individual

move from patch to patch over a period of weeks or months as would occur for a bird

utilizing information acquired at a roost. If food patches are stable for weeks or months, as

our results suggest, then there is no need for information concerning the location of new

feeding sites.

Second, another contradiction arises from our observation that the DAC is the center of

the foraging distribution, not the roost (Morrison and Caccamise 1990). ICH not only fails

to predict a DAC-centered foraging distribution but actually predicts quite the opposite—

a roost centered foraging distribution. ICH requires food patches to be ephemeral. An
individual returns to a roost or colony when its feeding patch deteriorates, identifies an

individual (or group) with a good patch through some form of information exchange, and

thereby learns the location of a new patch by following that individual to a new location.

ICH gives no basis for suggesting that any one direction from the roost is any better than

any other direction. Therefore, over a period of time as an individual obtains new infor-

mation and uses new patches, a pattern would emerge in which the “information center"

(e.g., the roost) would be surrounded by the patches formerly used by each bird. On average,

the outcome must be a roost-centered foraging distribution. As Tye ( 1 993) points out. Ward

and Zahavi (1973) indicate that, “.
. . roosts often occupy traditional sites, which need not

be at the center of a feeding area ....’’ This, however, they offer as an exception based on

local peculiarities of habitat, such as when a roost is at a habitat edge (e.g., lake, forest), or
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when roosting substrate is limited. This they considered the unusual circumstance and, as

such, it does not diminish the legitimacy of the assumption that the information center (the

roost), on average, must be at the center of the foraging distribution.

I interpreted these two contradictions as strong evidence that ICH is unlikely to apply in

any significant way to the systems and species we examined. As a result, we needed a

theoretical framework that applied to our roosting and foraging systems. We developed the

PSH, providing a parsimonious explanation for our observations and a theoretical basis for

organizing our continuing work (Caccamise and Morrison 1986).

The patch-sitting hypothesis. —We view large communal roosts as passive accumulations

of DAC-based (usually) individuals that occur near rich food supplies. The behavior is a

response to changes in food dispersion and is the result of individual birds exploiting, in an

efficient manner, feeding sites, distant from their DACs. Several key observations led to

development of the PSH (1) Fidelity to a single diurnal activity center is common among
roosting species. (2) DAC-based roosting birds may change roost sites often, but they change

DACs only rarely. (3) When DAC-based birds forage on their DACs, they roost nearby,

usually in small local roosts. When they forage away from their DACs they often roost in

large associations. (4) When DAC-based birds travel to distant roosts they often feed at an

easily identified, high quality feeding area. The PSH hypothesis is based on three assumption:

(1) DAC-based roosting birds select roosts and foraging areas in ways that tend to maximize

the net rate of energy gain (i.e., they minimize commuting costs). (2) The DAC provides

benefits beyond those simply attributable to foraging. (3) Changes in roosting and foraging

distribution are responses to changes in food dispersion (e.g., from relatively uniform to

relatively clumped).

Since our most complete information is on starlings, I will interpret PSH in terms of their

behavior. PSH holds that starlings remain on DACs when food is uniformly dispersed over

the landscape and adequately abundant on the DAC. This occurs early in the post-breeding

roosting season (June-early August) when their diet is largely invertebrates. There is no

reason to commute long distances to feed at other sites because food dispersion is relatively

uniform— any small foraging advantage gained by locating a slightly better feeding site would

be lost in the costs ofcommuting. Since birds feed on their DACs, they roost nearby, forming

small groups to take advantage of the benefits ofgroup protection. Later in the season, when

food becomes clumped into relatively high quality patches (supplemental feeding areas),

DAC-based birds can greatly enhance foraging opportunities by leaving the DAC to forage

at these patches. Whenever intake rate at a distant patch more than compensates for the

cost of commuting, birds would be expected to travel to distant sites. The PSH holds that

major roosts are primarily aggregations of birds roosting as closely as possible to these

especially rich feeding areas. We assume birds return to DACs because of benefits associated

with DAC fidelity. Although we have not yet shown conclusively what the benefits are, we

suspect that for starlings they are related to the need to maintain presence near the breeding

site. This is more clearly the case for American Crows, as our more recent studies are

beginning to show (Stouffer and Caccamise 1991, Caccamise, unpubl. data).

When food becomes clumped, a “patch-sitting” scenario develops naturally from our

hypothesis. Birds can efficiently exploit distant food sources while maintaining daily presence

on the DAC. Major roosts form when DAC-based birds travel to rich food patches and

roost nearby overnight. This allows them to use the patch twice with only one round trip.

Since these birds commute daily between the roost and their diurnal activity centers, naive

birds can follow knowledgable birds to the roost. Naive birds may locate distant roosts the

same way we do, i.e., by following the flight lines of birds that converge on the roost site

each evening. Once in the vicinity ofthe roost, the naive followers may use local enhancement

cues (the size and behavior of feeding flocks) encountered en route to pinpoint the food

patch.
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Replies to specific comments. — Be\ov/ are (in order of their appearance) replies to each of

the major points expressed in the commentary.

(1) Central to the criticisms in Alan Tye’s (1993) commentary is his assertion that we
misinterpreted ICH by relying on what we consider an implicit assumption— namely that

ICH predicts a roost centered foraging distribution. I disagree with Tye’s assertion, and, as

I indicated above, an “information center” must be, on average, at the center of the foraging

distribution. Tye concedes that “.
. . central positioning would be advantageous. . .

.” Does
this imply that ICH, by not requiring central positioning, would have birds engaging in a

behavior that is disadvantageous?

Tye incorrectly asserts that our observation of SFAs closer to large roosts than to DACs
(Caccamise and Morrison 1988) is consistent with ICH. Here and throughout the com-
mentary, Tye inappropriately compares our results with what he considers predictions of

ICH. The comparisons are inappropriate because in each case Tye’s prediction is without

foundation in the ICH. In the current example, our test has to do with relative distances

between roost, SFA, and DAC. ICH does not consider the existence of DACs, so measures

of relative distances to them are irrelevant to ICH. It is inappropriate to attempt such

comparisons.

(2) Aside from comments on roost centered foraging which I have already addressed, Tye
indicates that our observations on DAC fidelity and roost switching for early season starlings

are consistent with ICH. He accomplishes this by invoking the “insurance corollary” which

holds that birds may travel to roosts as insurance against the possibility their feeding patches

will eventually become unsuitable. He reasons that our observations of birds behaving in

ways contrary to predictions of ICH did so simply because they did not need information

at that time of year. Because this approach renders the ICH essentially non-falsifiable, it is

not a suitable tool for evaluating competing hypotheses. Nonetheless, there is a point more
important than implications ofthe insurance corollary. It is that ICH provides no explanation

for DAC-based roosting behavior, either early in the season when most roosts are small or

later in the season when many roosts are large. DAC-based roosting birds often switch

among roosts both early and late in the season while remaining faithful to their DAC. Tye

discounts our observations early in the season by invoking the insurance corollary, and he

then provides an explanation for late season DAC fidelity (under point 3). However, he does

not consider why essentially the same behavior occurs both early and late in the season.

(3) Tye credits Stewart (1978) with first noticing fidelity to diurnal activity centers, sug-

gesting we failed to properly mention this. I believe this is a penurious interpretation of the

facts. Stewart’s roosting study involved totally anonymous birds. The only observation of

a marked individual was a single female banded on her nest in spring and recaptured once

in the same area in January. There was absolutely no information on where the bird roosted

or how long it remained on its territory. This single observation is hardly evidence for

diurnal activity centers. What makes DACs unique and interesting is that birds show

persistent fidelity irrespective of where they spend the night. To establish this requires

repeated observations of the same individuals over many weeks, both during the day and

at night. Stewart’s observation has relevance only because it is now possible retrospectively

to evaluate this single observation in light of the hundreds of hours of observations we

performed over a period of 8 or 10 years on individually marked birds. I should add that

we found Stewart’s results very interesting because he detected rich food patches near his

roost sites just as we did when we formulated the PSH.

Tye (1993) disputes that DACs provide benefits in addition to foraging. If DACs are

simply foraging sites, then birds should search for and use the best foraging site. As quality

offoraging sites changes through time (as it must), birds would be expected to change foraging

sites. They do not do this. Rather they return daily to the same DAC, even from year to

year, making it very unlikely that DACs serve simply as foraging sites.
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Foraging on DACs does provide a protein source, because, as we have indicated (Fischl

and Caccamise 1986, Caccamise 1991), most foraging on DACs involves invertebrates.

However, starlings remain faithful to DACs even when the ground is frozen and there would

be little opportunity to acquire invertebrates. Furthermore, since invertebrate foraging occurs

mainly in grassy habitats (e.g., lawns, old fields), it seems unlikely that birds would often

commute long distances simply to use a particular patch of grass on their DAC without

some additional benefit associated with DAC fidelity.

Tye (1993) also suggested that DACs might serve as subsidiary information centers. This

is an example ofjust how pliant interpretations ofICH can be. Tye has changed the location

of the “information center” from the roost to the DAC, effectively erecting an entirely new

hypothesis. This exercise was necessary in order to account for DAC-based roosting behavior,

which ofcourse ICH cannot do. I agree with Tye that naive birds likely follow knowledgeable

birds from DACs to SFAs and roosts, just as we do when we search for roosts. But this is

not information exchange as defined by ICH.

(4) Tye (1993) cites my observations (Caccamise 1991) of declining foraging substrate

quality on DACs coupled with increasing size of roosting population as evidence equally

supportive of both PSH and ICH. It is true that the test I performed does not distinguish

between the two hypotheses, but this was never my intention. My clearly stated goal was

to test a prediction of the PSH. I did in that paper, as I have done here, point out the

inconsistencies of our observations with tenets of ICH, suggesting that in our system ICH
was not likely to apply. Because ICH is functionally non-falsifiable and because of its

seemingly infinite malleability, unambiguous and convincing tests have yet to be devised.

This leaves “support through preponderance of evidence” as the remaining approach for

differentiating ICH from related hypotheses. The necessary outcome of this approach is that

not every legitimate test of a prediction for a competing hypothesis will necessarily discrim-

inate between alternate hypotheses. Nonetheless, an acceptable explanation for communal
roosting behavior can eventually emerge.

(5) Tye (1993) describes hypothetical spatial relationships between roosts, SFAs and DACs
to point out some limitations in a test we performed on a prediction of the PSH (Caccamise

and Morrison 1988). However, Tye has made a serious error in not considering an appro-

priate scale for his invented scenario. This makes the relationships he proposes entirely

unrealistic. When starlings fly to distant roosts, the SFA is always (in our experience) very

close to the roost. When there are two SFAs involved (we have never seen more than 2),

the SFA closest to the DAC has always been along a flight line very close to one that would

take the bird directly from the DAC to the roost (e.g., Morrison and Caccamise 1985, p.

800). The birds are so consistent that we can almost without fail take a departure bearing

as a radio-tagged bird leaves a DAC in the afternoon and determine which roost it will use

that night. In my thousands of hours of observation, I have never seen anything like the

pattern Tye invented.

Scale is very important here because it is the scale that determines the dispersion pattern

of food patches. In Tye’s (1993) example (see Tye’s commentary. Fig. 1), dispersion of his

SFAs is much less patchy than what we have experienced when birds fly to distant roosts.

Nonetheless, I will address the scenario he has presented. If a bird with a DAC at D needed

an SFA, according to PSH it would fly to Z and never go on to Y, X or A. PSH says an

individual exploits roosts and foraging areas efficiently. It does not require a bird to fly to

a distant roost just because it is there. Rather, a bird should fly to the nearest SFA that

satisfies its requirements. If its SFA is near the DAC, then it would roost locally and never

go on to a large distant roost. It would roost at a distant site only when that was more
efficient than returning to the DAC and its local roost. By roosting near the distant SFA a

bird can feed twice, once in the evening and again in the morning, for the cost of a single
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round trip. Distant roosts can be 50 Km from the DAC (Hamilton and Gilbert 1969),

although ours are closer (10-15 Km). When SFA’s are at such distances, using these sites

efficiently can provide distinct advantages to DAC-based birds.

(6) Tye (1993) says “The problem remains as to why roost size increases . . .
,” and he

then goes on to say that only ICH offers an answer. I refer Tye to our original paper (Caccamise

and Morrison 1 986) in which we explain that the PSH is based on a change in food dispersion

from uniform to clumped. As the uniformly dispersed foods become unavailable (for our

starlings it is a decline in invertebrate availability in lawns), increasing numbers of starlings

travel to SFAs (the clumps) to feed. The more patchy the food (larger distances between

patches and greater difference in food abundance between on and off patch) the larger the

area over which an SFA attracts birds and so the larger the associated roost.

(7) Tye (1993) incorrectly asserts that we present no direct evidence that non-migratory

starlings return to small roosts late in the season after they leave large roosts. We have

presented direct evidence in two papers, but Tye fails to cite both papers (Caccamise et al.

1 983, Morrison and Caccamise 1 985). Small roosts were not routinely included in our 1 000-

km^ censuses. However, until we conducted our radio-telemetric studies, it was not generally

known that starlings routinely moved between small local roosts and large communal roosts.

Small roosts were readily located and censused after being used by a radio-tagged bird. We
estimate that 40-60% of the local population migrates; the rest return to DACs and local

roosts.

Conclusion. —PSH is offered as a quantifiable and testable alternative to ICH. PSH is not

based on circumstantial evidence but on detailed, long-term observations of the foraging

and roosting movements of individually marked birds. In a decade of studying communally

roosting birds, we have seen nothing to suggest that they share information at the roost.

That Tye (1993) could claim that these observations are consistent with ICH underscores

the main problem with ICH as a scientific hypothesis; namely, it is so compliant that it

appears to be non-falsifiable.
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The Pinyon Jay: Behavioral Ecology of a Colonial and Cooperative Corvid. By
John M. Marzluff and Russell P. Baida, T. & A. D. Poyser, Ltd., London, England, 1992:

317 + xxi pp., 1 16 figs., 44 tables. $45.00.— In the spring of 1968, Russ Baida and Gary
Bateman began studying the breeding biology of Pinyon Jays {Gymnorhinus cyanocephalus)

in the ponderosa pine forests east of Flagstaff, Arizona. I was fortunate to be an undergraduate

field assistant on the project for several years, beginning in the spring of 1969. In subsequent

years and continuing through 1987, a long line of graduate students and assistants has

been involved in the project, studying every aspect of Pinyon Jay biology. During this time,

focus changed to another flock whose home range included residential areas in Flagstaff.

Each year, virtually all new members of this town flock were color banded so that the

relationships of jays and social structure of the flock gradually emerged. This book sum-
marizes the findings of that 19-year-long research effort. Thirteen chapters cover topics

including an overview of the annual cycle of a Pinyon Jay flock, the fall harvest and storage

of pinon pine seeds and their importance in the economy of jays throughout the year,

taxonomic relationships of Pinyon Jays to other New World and Old World corvids, a

description of the jay vocal repertoire and a detailed analysis of the use of vocal commu-
nication in jay social life, dominance relationships among jay age and sex classes, social

structure of a flock, mating behavior, nest site selection and its effect on nesting success,

mobbing and predator-avoidance behavior, parental care and breeding success, juvenile and

yearling survival and their recruitment into the flock, dispersal ofindividuals between flocks,

social and environmental correlates of jay longevity, and population dynamics within a

flock. Six appendices present data on the number and spacing of nests within colonies, mean
breeding productivity each year of the study, annual variation in jay survival rates, causes

of jay mortality, a genealogical tree of the jays over 16 years, and a list of common and

scientific names of species mentioned in the text. The book concludes with a bibliography

of about 300 references and an index.

The value of long-term studies of individually marked birds is readily apparent in the

types ofquestions that the authors can ask and the answers that are forthcoming. For example,

the authors analyze the influence of weather and the size of pinon pine seed crops on the

timing and success of breeding efforts, determine how nest site selection changes with a

pair’s breeding experience, calculate lifetime reproductive success of male and female jays,

compare social dominance to reproductive success, and investigate the past reproductive

success of jays that have lost their mates and determine what influence this has on the

selection of new mates.

The book is far more than just a description of Pinyon Jay natural history. The authors

and their collaborators exhibit a strong commitment to hypothesis testing and experimental

analyses to answer important questions about the lives ofjays. The background and rationale

for experiments are described in terms that are interesting and entertaining. References to

the literature (many by the authors and their colleagues) are cited sparingly, which increases

the readability of the book to amateur ornithologists, but, at times, makes it difficult to trace

ideas to the primary literature. The numerous figures generally are of good quality but a

few are drawn poorly (e.g.. Fig. 1). The illustrations by Tony Angell nicely accent the text.

The town flock, from which most of the information in the book is derived, is an atypical

Pinyon Jay flock in some regards. During the latter years of the study, the town flock was

in decline owing to a variety of anthropogenic disturbances. Suburban sprawl has claimed

jay nesting habitat, increased human refuse has attracted more ravens and crows which are

responsible for increased egg and nestling mortality, and trigger-happy children have in-

379
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creased mortality rates of adult jays. On the other side of the ledger, residential bird feeders

have probably had a positive influence on the size of the town flock. The net effect, however,

is that the Flagstaff environs appear to have become less suitable for Pinyon Jays in recent

years. This raises some important questions concerning the applicability of certain aspects

of the information presented in this book (e.g., date of the onset of breeding, nesting success,

survival rates of juvenile, yearling, and adult age classes, flock population dynamics) to

Pinyon Jay flocks that are not influenced significantly by humans.

Twenty-five years ago, the Pinyon Jay was a mysterious and poorly known bird. Today,

thanks to Baida, Marzluff, and their associates, the mystery has been replaced by fascination,

and it can fairly be said that few birds are understood as well as the Pinyon Jay. This book

presents a wealth of information in a clear and readable style and should serve as a valuable

source of information for those interested in the social lives of birds.— Stephen B. Vander
Wall.

A Guide to the Birds of Trinidad and Tobago (Second edition). By Richard fffench,

illus. by John P. O’Neill and Don R. Eckleberry. Comstock Publ. Assoc., Ithaca, New York.

1991: 426 pp., 29 color plates, nine color portraits, 4 maps, 39 text figs. $72.50 ($34.50

paper).—The first edition of this book appeared in 1973 (revised in 1976 and 1980) and

was a great improvement over any existing reference source for this area then available

(Collins, Wilson Bull. 87:127-129, 1975); the current edition still retains that position!

Although much of the extensive introductory text remains the same, except where updated

material has been provided this is not just a cosmetically changed book with a new publisher

and page size (SVi" x 8V2"). It includes an additional twenty-eight species accounts, mostly

representing migrant species and vagrants which have been detected in recent years by the

increased numbers of field observers. Also a number of species accounts have been sub-

stantially rewritten to reflect recent changes in status or abundance. For example, the Southern

Lapwing (Vanellus chilensis), first recorded in Trinidad in 1961 and previously considered

an “occasional visitor,’’ is now a well-established resident breeder, particularly in areas

cleared for cattle ranching. As previously noted in my more detailed review (Collins, op.

cit.), the species accounts contain a wealth of information from studies in Trinidad and

summaries of work done elsewhere. The extensive “Literature Cited’’ section now includes

327 entries, an increase of 93 from the first edition. This book very successfully serves the

dual role of a general avifaunal reference and a field guide. The enlarged page size does not

make it too bulky for use in the field and in fact contributed to a 10% decrease in total pages

despite the considerable amount of new material included.

One new color plate has been added to the original 28, and seven of 25 text figures of

birds have been redrawn. However, the original color plates have been reprinted in their

original size despite the enlarged page of the new edition. I consider this a particularly

unfortunate decision as they frequently did not make full use of the previous 5" x 7'/2" page

size. Distinctive differences are hard to see when the reproduction is this small. The inclusion

of one more color plate should be a plus, but the choice of species in it completely eludes

me. Five of the eight species shown are also illustrated as text figures, and the remaining

ones are two distinctive raptors and the Scarlet Ibis {Eudocimus ruber)\ Certainly other

harder-to-identify species could have been chosen which would have enhanced this book’s

field guide role. I view this as a wasted opportunity. My original objection (op. cit.) to the

inclusion in the limited color plates ofat least 1 0 species which are “rare visitors’’ or “possible

rare resident’’ and one species mistakenly included in the avifauna still remains. Similarly,

my previous critique of the colors and proportions of some species could not be addressed
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in this straight reprinting of the original plates. The Eckleberry portraits which have been

slightly cropped are still magnificent.

Despite these uncorrected problems, this book still will be wanted by any birder visiting

Trinidad and Tobago, as well as by many ornithologists as a general reference. It continues

to outcompete, by a wide margin, anything else currently available or likely to appear in

the near future.—Charles T. Collins.

New World Parrots in Crisis: Solutions from Conservation Biology. Edited by

Steven R. Beissinger and Noel F. R. Snyder. Smithsonian Institution Press, Washington

and London. 1992: 288 pp. $35.00.—No sizable group of birds has more endangered species

than the New World parrots. Almost one-third of the 140 species are in imminent danger

of extinction! Nearly all the remaining species are declining in numbers. The basic causes

are known: habitat destruction and excessive “take” for the international pet trade, ofwhich

the United States is a major consumer. Cataclysmic growth of human populations and

concomitant agricultural practices underlie most loss of natural habitats. The density of

humans the earth can sustain is a problem that should be addressed by all persons ofinfluence,

who have even the slightest degree of objective foresight. Excessive “take” of wildlife is a

far more restricted problem, and if birds are involved then the “take” is a problem that

should be addressed by ornithologists. The American Ornithologists’ Union addressed the

problems confronting New World parrots at its 1990 annual meeting held in Los Angeles.

A full-day symposium and discussion was devoted to the topic. This book is a result.

Chapters 1-9 are the reports of a distinguished group of parrot biologists who spoke at

the symposium. Major topics discussed are the causes of the decline of particular species,

population dynamics, the complex social systems of the few species for which data have

been obtained, and the potential values of ecotourism, sustainable harvesting, and avicul-

turists to parrot conservation, and, finally, some of the appalling facts regarding the inter-

national pet trade. Chapter 10 is an edited transcript of the discussion that followed, which

includes the comments and questions of the many attendees of the symposium. Chapter 1 1,

“Toward a conservation strategy for Neotropical psittacines,” was authored by Beissinger

and Snyder, and Frances C. James, who moderated the discussion. This chapter includes

discussion of the problems that should be addressed by persons involved with drafting laws

designed to regulate the import of exotic birds.

“New World Parrots in Crisis” should be read by all persons interested in endangered

wildlife or in conservation in general. It illustrates beautifully both the simplicity and the

complexities ofdeveloping a conservation program for any group oforganisms. A potentially

useful feature is the summaries in Spanish. I suggest “potential” be inserted as the second

word in the title of the chapter “The role of private aviculture in the conservation of

Neotropical psittacines.” As far as I am aware, private parrot breeders have contributed

little to the conservation ofNew World parrots, and I suspect ifthe net effect of these persons

were measured, it would be negative. Perhaps because I live in Florida, I would like to have

seen a chapter on introduced parrots. More than 60 species of parrots have been identified

flying free in Florida, the populations of many number in the hundreds, and almost half

are known to breed “in the wild.” Perhaps serious thought will be directed toward this

“cageless menagerie” when one or more of the parrots are deemed agricultural pests.

A treatise on the conservation of the New World parrots is timely. As I prepare this

review (July 1992), two bills, each designed to limit the taking of birds from the wild for

the pet trade, are before the Congress of the United States. Certainly some of the persons

who influenced the drafting of these bills had the New World parrots in mind as primary
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examples of a group in trouble. The Wild Bird Protection Act would ban immediately the

importation of wild birds for the pet trade; the Exotic Bird Conservation Act extends bird

imports for another five years. The three authors of Chapter 1 1 in “Parrots in Crisis” favor

immediate ban. I wonder ifany member ofCongress has had the common sense and interest

to contact representatives ofthe AOU for information and opinions regarding these issues?—

Glen E. Woolfenden.

In Search of Arctic Birds. By Richard Vaughan. T. & A. D. Poyser, London. 1992:

431 pp., 73 photographic plates, 26 line drawings, 40 maps. $39.95.— In “Search of Arctic

Birds” is not only a scholarly treatise on Arctic adventure, but it is also a magnificent

compilation of ornithological history. Richard Vaughan is a naturalist-historian of the first

order, leaving no stone unturned in uncovering events that took place from the beginning

of Arctic bird study. Conjecture is not his forte.

Vaughan admits that his book is not a monograph on birds of the Arctic; rather it is about

the human pursuit of birds in the Arctic. He describes the way polar birds have been hunted

for food and sport, collected for scientific purposes, and studied by amateur and professional

birders all around the Holarctic. Evidently he has visited numerous Arctic sites, judging by

his many personal photographs of various bird species that enhance the text. Relatively few

photos were borrowed from others, and for the most part they cover those species that

inhabit the hard to negotiate places in Siberia. The black-and-white photos of all these birds

are sharp and form a nice grouping of Arctic species. Simple black-and-white line drawings

by artist Gunnar Brusewitz make very effective chapter headings, while a scattering of others

by him were used where needed. Uncluttered maps also do the job. Color adorns only the

jacket cover, but color illustrations in a book of this type would serve only to increase its

cost.

Commencing with an introductory description of physical aspects of the Arctic and its

native peoples, Vaughan runs the gamut from early discovery ships to modem bird watching,

including useful information on where to go for certain species and how to get there. Falconers

the world over will love Vaughan’s chapter, “Falcons from the Arctic.” A special chapter

was written for Vaughan’s countrymen, entitled “Britons in the Russian and Siberian Arctic,”

still another for Americans and Canadians on “Bird collecting in North America.” The
chapter that captivated me was “Ornithological treasure trove” because it dealt largely with

the Red Knot {Calidris canutus), a high Arctic breeder and long-time favorite of many polar

adventurers. Somewhere I read, and later carelessly quoted in print, that Commander Robert

Peary was the first to discover Red Knot eggs— the preserved shells of which were most
sought after and prized by collectors. After considering Vaughan’s account, I am convinced

that Peary’s discovery of the alleged first knot eggs is as suspect as his heralded sledging trip

to the North Pole. It is this intriguing historic research by Vaughan that one finds fascinating.

Perhaps Vaughan’s most significant ornithological chapter deals with Soviet bird studies

in the Siberian Arctic. Comprehending this chapter is a must for all serious polar orni-

thologists. Another chapter devoted to conservation is equally appropriate for birders, tour-

ists, and anyone who visits fragile northern bird colonies. The chapter is certainly applicable

to those individuals engaged in endless debates regarding the hunting of certain species, e.g..

Tundra Swans (Cygnus columbianus), that elicit a lot of concern these days.

The Richard Vaughan I met in 1989 at Barrow, Alaska was a serious, devoted field person

who paid attention to detail and exuded enthusiasm. He worked hours on end from a blind

(hide) erected near a Snowy Owl’s {Nyctea scandiaca) nest. Later he kindly shared with me
the use of his blind which was placed near the only Pomarine Jaeger’s {Stercorarius po-

marinus) nest found that season. At the time, I lacked photos of that particular species.
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Richard Vaughan’s impeccable use of the English language comes across in his writings,

providing a smooth and entertaining read. Here is a delightful book packed full of infor-

mation that can be used and enjoyed by anyone interested in birds.— David Freeland
Parmelee.

Birds of Southwestern Brazil—Catalogue and Guide to the Birds of the Pantanal
OF Mato Grosso and its Border Areas. By Balthasar Dubs, illus. by the author. Bertrona-

Verlag, Hinterzelg 35, CH-8700 Kiisnacht/ZH Switzerland. 1992: 164 pp., 58 color plates,

8 pp. of black-and-white habitat photos, 1 map, 2 numbered text figs. US $35.00 plus

mailing costs.— Anyone going to Brazil’s great Pantanal marsh with birds in mind will want

this book. As the first English-language guide to birds in any part of Brazil (on the fly-leaf

the author apologizes, in Portuguese, to Brazilians, for having written the book in English),

and the first guide in any language that includes all the birds of a specific Brazilian region,

it provides valuable orientation to the area’s 698 species. A short introductory section covers

habitats, biogeography, and ornithological research in the Pantanal. Each species account

is headed by the scientific name, with English and Brazilian names also provided (the latter

apparently from Willis and Oniki’s 1991 list). The name used in the original scientific

description and its author are given to facilitate finding the species in older literature. Brief

sections within each species account cover description, local distribution, ecology, and range.

The color plates portray 534 species. Separate indexes are provided for English and scientific

names.

Although the author refers to the book as a field guide, it lacks a number of the charac-

teristics of one. Its hard cover and 1" x 9%" dimensions would demand an out-sized pocket.

Illustrations are grouped at the end of the volume, and almost one-fourth of the species are

not pictured. There are no pictures of caprimulgids or swifts, and only 40 of the area’s 94

flycatcher species are portrayed. There are no range maps. No information on vocalization

is given. Identifying behavior is rarely mentioned, not even the jumping of the Blue-black

Grassquit (Volatinia jacarina) or the distinctive voice of the Great Kiskadee {Pitangus

sulphuratus).

Descriptive material in the species accounts includes total length as well as bill, wing, and

tail measurements and generally adequate plumage detail, though I have trouble with such

things as the Great Kiskadee’s superciliary stripe “extending down the neck’’ (also so illus-

trated) and the lack of precision in limiting the plumage description of the Boat-billed

Flycatcher (Megarynchus pitangua) to “colours as in the [Great Kiskadee]’’. The ecology

section of a species account may be limited to a stark “inhabits forests’’ but usually holds

more extensive information that may include food preferences, nest shape, egg color, flocking

tendencies, and migratory data. Range information includes reference to subspecies and

their location.

The illustrations of birds are reminiscent of the Olrog/Frisch school—clumsy and unaes-

thetic— but a lot better than nothing. They were based on museum skins and are monoto-

nously wooden in aspect, almost all sharing an identical stance showing the right profile. If

one can ignore the total lack of streamlined grace that is the essence of most birds, many

of these sketches are surprisingly effective in presenting the principal identifying features of

the birds represented. Bill, tarsus, and soft part colors are not shown (the woodcreepcrs have

no legs at all), but plumage colors are often good. I noticed rackets on the elongated tail-

feathers of the Swallow-tailed Manakin {Chiroxiphia caudata) that 1 have never seen on a

bird of this species. The birds grouped on each plate are sized appropriately in relation to

each other and to a bar representing 10 cm.

Books on the birds of Brazil are all too scarce, so each new one that offers something
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distinctive is welcome. “Birds of Southwestern Brazil” merits praise as Brazil’s first field

guide and for covering the world’s most extensive marshland, as well as because it is well

printed and easy to use as a reference. Its inadequacies, while unfortunate, are not disabling.

Take it along when you go to the Pantanal.— William Belton.

A Monograph of the Pheasants. By William Beebe. Dover Publications, 31 East 2nd

St., Mineola, New York 11501. Two volume unabridged reprint of four volumes, Witherby

& Co., London, England, and New York Zoological Society, New York, New York, 1918-

1922. 1223 pp., 184 black-and-white photos, 20 maps, and 90 full-color plates, clothbound.

Vol. 1, $50.00 and Vol. 2, $50.00.—Once again a milestone in ornithology has become

available. Beebe certainly displayed his flamboyant writing style in these superb volumes.

Detailed descriptions, general ecology, plumage, and remarks on early history of nearly 1 00

species of Phasianidae are covered in the text. His excellent poetic style transfixes the reader,

as he has done in his five previous books. Two of these, “Pheasants: their lives and homes”

(1926) and “Pheasant jungles” (1927) were written for the general reader and tell of his

expeditions in search of pheasants throughout Asia.

Full-colored plates by eminent wildlife artists Louis Agassiz Fuertes, H. Gronvold, G. E.

Lodge, C. R. Knight, and H. Jones highlight these volumes. The black-and-white plates,

mostly by the author, depict habitats, nests, and eggs, and the haunts of these magnificent

birds. No less than 23 of the species covered in these two volumes currently are considered

rare, vulnerable, or endangered by King (Endangered birds of the world: the ICBP bird red

data book, Smithsonian Institution Press, 1981). It is likely that other species have been

added to this list since 1981.

One of the outstanding features of Beebe’s monumental work is his enlightening obser-

vations of these magnificent birds in their natural environment. With the steady reduction

of habitat, as well as predation by the ever-increasing human population throughout their

range, it is likely that some species of pheasants may be extirpated within the next decade.

These monumental volumes will be of interest to every serious bird lover, ornithologist,

and anyone interested in the natural history of Asia.—Harlan D. Walley.

My Way to Ornithology. By Olin Sewall Pettingill, Jr. Univ. Oklahoma Press, Norman.
1992: 245 pp., 28 black-and-white photos. $24.95.— Olin Sewall Pettingill is one of the

grand old men of ornithology. His interest in the amateur side of the science and his

willingness to devote considerable energy to popularizing the study of birds have made his

name one of a handful to be associated instantly with the field. Given his stature on both

the popular and serious sides of ornithology, it might come as a surprise to learn that as a

high school and undergraduate student he was not at the top of his class. In fact, he expe-

rienced some difficulties even being accepted to Bowdoin, the college of his choice. But

nearly everyone’s path to his/her eventual career is filled with difficulties, detours, and
change. It should be of interest (and comfort) to all of us to read that even the most well-

known and successful individuals may have found the roads rocky at times, especially when
the narrative is as well written as “My Way to Ornithology”.

This autobiographical account takes the author from infancy in 1907 and his school years

in New England to his appointment in 1936 to the faculty of Carleton College in Minnesota,

his first permanent professional post. Because the focus is on those influences that helped

shape his career, many episodes of the author’s early life are omitted. However, those that

are included are narrated with the details as fresh and crisp as though they happened



ORNITHOLOGICAL LITERATURE 385

yesterday. The author’s detailed diary, which he has kept since he was very young, certainly

enhanced his memories.
I expected the book to be well written. I did not expect, however, to find that once 1

started reading, I had difficulty putting it down. Pettingill is a master story-teller and weaves
the chapters and episodes together seamlessly. He succeeds in his aim to show us his path

to ornithology. I highly recommend this book.— D. Scott Wood.

SHORT REVIEWS

Birds, Discovery and Conservation. 100 Years of the British Ornithologists’ Club. By

David Snow (Ed.). Helm Information Ltd., Near Robertsbridge, E. Sussex, England, 1992:

ix + 198 pp., 1 col. plate. £19.95.—To celebrate its centennial, the British Ornithologists’

Club has issued this handsome anthology ofpapers from the past issues ofthe Club’s Bulletin.

The excerpts are grouped into several general topics: Geographical Ornithology; Discovery

of New Species and Subspecies; Migration; Ecology and Behaviour; The Cuckoo Contriver;

Taxonomy, Systematics and Evolution; The British List; Conservation; and Ornithologists.

Many of these were originally read at meetings of the Club and often stimulated spirited

discussion which is also printed here. The papers chosen do much to give the present-day

reader the flavor and atmosphere of ornithology in the first half of this century. Of special

interest are the accounts of early expeditions to remote areas of Asia and Africa and the

evolving conservation attitudes.

The volume is graced by an elegant painting by Martin Woodcock of the King-of-Saxony

Bird-of-Paradise {Pteridophora alberti), and the dust jacket with a painting of the Mikado

Pheasant {Syrmaticus mikado).—George A. Hall.

Current Ornithology, Vol. 9. Dennis M. Power (Ed.). Plenum Press, New York, 1992:

xiv -I- 247 pp., many black-and-white graphs and diagrams. $69.50.—Volume 9 continues

this exemplary series with six reviews by seven authors from the United States, Canada,

Argentina, and Sweden. The papers are “The Causes of Extinction of the Passenger Pigeon”

by Enrique H. Bucher; “Population Regulation of Seabird Colonies” by David K. Cairns;

“The Effects of Investigator Disturbance on Nesting Birds” by Frank Gotmark; “Analyzing

Quantitative Relationships between Seabirds and Marine Resource Patches” by J. Christo-

pher Haney and Andrew R. Solow; “Interaction of Nest Predation and Food Limitation in

Reproductive Status” by Thomas E. Martin; and “Wood-Warbler Song Systems: A Review

of Paruline Singing Behavior” by David A. Spector. Editor Power continues to keep high

standards with his selection of reviews.—George A. Hall.

Checkjlist of the Birds of Britain and Ireland. Sixth edition. By A. G. Knox (com-

piler). British Ornithologist’s Union, Tring, England, 1992: 50 pp. £5.95.— This edition of

the checklist contains minimal information about the 544 species accepted to the British

List by the Records Committee of the B.O.U. The status of the species and subspecies

regularly seen is given by a coding system. The total number of records is given for those

species with less than 100 reports. No changes have been made in the taxonomy, but the

suggested changes in English names that have aroused so much discussion in Britain are

incorporated.— George A. Hall.
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Conservation of the Slender-billed Curlew. By Adam Gretton. International Council

for Bird Preservation. Monograph No. 6. (32 Cambridge Road, Girton, Cambridge CB3
OPJ, UK). 1 992:x + 1159 pp., 1 6 black-and-white photos, many graphs., £8. —The Slender-

billed Curlew {Numenius tenuirostris) like its New World counterpart, the Eskimo Curlew

{N. borealis), is one of the most threatened bird species in the world. Given the known
population decline and the lack of good information about the species, the I.C.B.P. in 1988

launched a two-year project to gather data on population, habitats, and migratory routes.

The monograph at hand summarizes the information obtained. It is felt that the maximum
number of birds is 1000, but the best estimate is 100-400 birds and the population is not

likely to be below 80. The principal cause of this decline is thought to be hunting although

habitat destruction is also a factor. The report closes with a country by country recommended
“action plan.” An appendix lists the records since 1 900 for each country. —George A. Hall.

Putting Biodiversity on the Map. Priority Areas for Global Conservation. By. C. J.

Bibby, N. J. Collar, M. J. Crosby, M. F. Heath, Ch. Imboden, T. H. Johnson, A. J. Long,

A. J. Stattersfield, and S. J. Thirgood. International Council for Bird Preservation. (32

Cambridge Road, Girton, Cambridge CB3 OPJ, UK). 1992: vi + 90 pp., many colored

photos, diagrams and maps. $23.50).—The ICBP Biodiversity project has produced this

attractive summary of world-wide areas of avian endemism. Twenty-five percent of the

world’s bird species are restricted to just 221 sites which occupy only 5% of the earth’s land

surface. Ninety-two percent of this land is unprotected. These areas are also areas of en-

demism for organisms other than birds. Suggestions for priority of action to conserve these

areas are also given.—George A. Hall.



NORTH AMERICAN BLUEBIRD SOCIETY
RESEARCH GRANTS- 1994

The North American Bluebird Society announces the tenth annual grants in aid for

ornithological research directed toward cavity-nesting species of North America with em-
phasis on the genus Sialia. Presently three grants of single or multiple awards are awarded
and include:

Bluebird Research Grant: Available to student, professional or individual researcher for

a research project focused on any of the three species of bluebird in the genus Sialia.

General Research Grant: Available to student, professional or individual researcher for

a research project focused on any North American cavity-nesting species.

Student Research Grant: Available to full-time college or university students for a research

project focused on any North American cavity-nesting species.

Further guidelines and application materials are available upon request from:

Kevin L. Berner

Research Committee Chairman

College of Agriculture and Technology

State University of New York

Cobleskill, New York 12043

Completed applications must be received by December 1, 1993; funding decisions will be

announced by January 15, 1994.

This issue of The V\'ilson Bulletin was published on 1 June 1993.
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Specimens of Green Jay {Cyanocorax yncas longirostris) from northern Peru. Left, an

adult taken March 5, 1972, in fresh plumage. New, ensheathed outer primaries and growing

outer rectrices denote very late postnuptial molt. Center, a slightly worn non-molting adult

taken August 22, 1970. Right, a worn, non-molting adult taken November 5, 1974.
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THE GREEN JAY TURNS BLUE IN PERU:
INTERRELATED ASPECTS OF THE ANNUAL

CYCLE IN THE ARID TROPICAL ZONE

Ned K. Johnson' and Robert E. Jones^

Abstract.— We quantitatively assessed the green to blue dorsal color change uniquely

demonstrated by populations of the Green Jay {Cyanocorax yncas longirostris) inhabiting

seasonally dr>' deciduous woodland in the mid-Maranon Valley of Peru. Other subspecies

in South America occupy humid habitats and are dorsally green all year. After a complete

molt which ends in concert with the termination of the rainy season in March, Marahon

jays have bright yellow-green backs. During the interval until the next annual molt, the

dorsal plumage gradually turns to greenish-blue or blue. Starting in August and September,

in the latter part of the dry season, the population breeds in this phenotype. Microscopic

study revealed that fresh dorsal feathers contained a yellow pigment or pigments near the

surfaces of rachi, barbs, and barbules. Older, blue feathers had many broken barbs and

barbules and lacked yellow pigment. However, because the keratinous surfaces of rachi,

barbs, and barbules of such feathers appeared unworn, abrasion seemed unrelated to the

loss of yellow pigment. Instead, autoxidation and accompanying bleaching from exposure

to sunlight are implicated in this striking color change. Received 20 Aug. 1992, accepted 3

Dec. 1992.

In South America the Green Jay {Cyanocorax yncas) occurs in a narrow,

sickle-shaped range extending from the foothills and mountains of north-

ern Venezuela, westward into Colombia, and southward along the Andes

to northwestern Bolivia (Ridgely and Tudor 1989). Over most of this

distribution the species occupies humid montane forest, forest edge, and

secondary woodland. In the arid mid-Marahon Valley of Peru, however.

Green Jays live in a strikingly dilTerent habitat— seasonally dry deciduous

woodlands of the Arid Tropical and Arid Subtropical zones (as defined

by Parker et al. 1982). These arid zone populations (C. y. longirostris

Carriker 1933) exist immediately to the west of humid zone populations

' Museum of Vertebrate Zoology and Dept, of Integrative Biology, Univ. of California. Berkeley. Cali-

fornia 94720.
- Museum of Vertebrate Zoology, Univ. of California, Berkeley, California 94720.
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of C. y. yncas, the form present in subtropical forest for hundreds of miles

over the greater part of the Andes from southern Colombia and Ecuador,

through Peru, to Bolivia. Compared with specimens of C. y. yncas, in-

dividuals of C. y. longirostris had relatively long bills, short wings, short

tails, paler yellow under-parts, and more bluish-green upper parts. Even
freshly molted specimens of C. y. longirostris had “a decided bluish wash”
on their upper parts “about intermediate between X. y. yncas and X. y.

cyanodorsalis"' (Carriker 1 933:30). (The Green Jay was placed in the genus

Xanthoma at that time.) Thus, a distinctive “bluish-backed Green Jay”

evidently had differentiated in the dry habitats of the mid-Maranon Val-

ley. Because the species is absent from arid habitats west of the mid-

Maranon region (e.g., in coastal northwestern Peru and in western Ecuador

[Chapman 1 926]), it is plausible that C. y. longirostris was derived directly

from typical “green-backed Green Jays” (C. y. yncas).

Because Carriker studied only eight specimens of C. y. longirostris, he

was unable to appraise properly the extent of either individual or seasonal

variation in color. Furthermore, when Chapman (1917:637) discussed

the form C. y. galeatus of Colombia and stated that “The amount of

blue on the hindhead, nape, and back is apparently largely dependent

on age . . . ,

” the possibility surfaced that the bluish back of C. y. lon-

girostris was nothing more than a Juvenal feature. Consequently, both the

interpretation of bluish-backed individuals and the taxonomic status of

Maranon populations ofthe Green Jay have remained problematical since

the original description of C. y. longirostris. Accordingly, on four trips

taken between 1967 and 1974 to the Departments of Amazonas and

Cajamarca, northern Peru, we and our associates collected additional

specimens of this poorly known, endemic form. The collection was made
during three distinct periods of the year and contains birds representing

different age categories and varying stages of plumage wear and molt.

Information from these specimens outlines the manner in which annual

cycles of color change, molt, and breeding are integrated in the Green

Jays of an arid, seasonal environment which is unique for the species in

South America.

METHODS

The new series of 52 specimens was divided into three samples for analysis; Mar. 2-5

(17 specimens), Aug. 20-Sept. 9 (25), and Nov. 4-23 (10). For quantitative study of col-

oration of the center of the dorsum, a subset of 42 specimens was examined with a Bausch

and Lomb 505 Recording Spectrophotometer equipped with a visible reflectance attachment.

Ten specimens with ruffled dorsal feather surfaces were excluded. Flatness of the 100% line

was maintained within limits of 1 .0% peak-to-peak and flatness of the 0% line, within 0.5%.

From trichromatic coefficients {x, y, z), obtained from curves of percentage diffuse spectral

reflectance between 400 and 700 nm by the 10 selected ordinate method of Hardy (1936:



Johnson and Jones • GREEN JAY TURNS BLUE IN PERU 391

49-51), dominant wavelength (Xj), brightness (Y), and excitation purity (P^) were computed
according to table 6 of Judd (1933:371), using the ratios described in Johnson and Brush

(1972:247). To expose ensheathed feathers which provided evidence for molt, layers of

plumage on each specimen were gently lifted with a dissecting needle under a fluorescent

magnifying lamp. For study of the effects of wear on pigment concentration in the shafts,

barbs, and barbulcs, individual fresh and abraded feathers were flattened on slides, flooded

with Permount, and examined under 40 x magnification with a dissecting microscope and

under both lOOx and lOOOx magnification with a compound microscope. Testis volume
was approximated by converting specimen tag figures on testis length and width with the

formula tor the volume of a cylinder: testis volume = testis width- x 0.7854 x testis length.

Thus, a specimen with tag data “testis 6x4 mm” was estimated to have a testis volume
of 75.4 mm^ (4- x 0.7854 x 6).

Age determination. —Green Jays in Juvenal (first prebasic) plumage have pale yellowish-

white ventral feathers with a distinctive fluffy or loose texture that contrasts greatly with

the vivid lemon yellow, solid texture of ventral feathers of subsequent generations. Age of

individuals up to approximately the middle of the first postnuptial molt (adult prebasic

molt) is easily determined because the postjuvenal molt (first prebasic molt) is partial and

results in the retention of narrow rectrices with distinctively pointed or rounded tips that

contrast with the broader rectrices with the blunt or truncate tips of adults. (Emlen [1936]

and Pitelka [1945] pioneered the use of these ageing criteria in corvids with examples from

Corvus and Aphelocoma, respectively. Pyle et al. [1987:67] extended this methodology to

North and Middle American populations of the Green Jay. Because those populations may
comprise a species different from the South American populations dealt with here [Hilty

and Brown 1986, Ridgely and Tudor 1989], the detailed applicability of their descriptions

of molts and ageing criteria to C y. longirostris is uncertain.)

RESULTS

Molt cvc/e’5. -Twenty-three specimens were in various stages of molt.

Six skins showed postjuvenal molt of body plumage: of three taken March

4-9, two were in heavy molt and one was categorized as in medium-late

molt; and three specimens taken August 26-30 were in early to middle

stages of the postjuvenal molt. None of the six specimens in postjuvenal

molt was replacing flight feathers. The remaining 14 specimens in the

March sample were all in middle to late postnuptial molt (second prebasic

molt) which is complete in this species. One of the March skins and a

specimen taken November 23 are of birds undergoing their hrst complete

postnuptial molt; they are preparing to replace worn, pointy juvenal rec-

trices and have adult skull pneumatization. Two of 25 individuals in the

August-September sample are in what we interpret to be a prenuptial

(prealternate) molt in which body feathers but no remiges are replaced.

One of these birds has ensheathed central rectrices. It is clear that the

postnuptial molt occurs well into March and appears to involve the entire

population. In contrast, 20 of 25 August-September specimens were not

molting. Three of the molting individuals were young birds in the post-

juvenal molt and the remaining two were adults showing limited prenup-

tial molt. The November sample is also comprised largely of non-molting
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birds (9 of 10). The single molting individual was in early first postnuptial

molt.

Seasonal color change. — completing the postnuptial molt in March

had bright yellow-green or yellowish-green backs, with old and worn blue

feathers scattered throughout, and bright green on the upper surface of

the rectrices. The August-September sample was extremely variable; color

of the back and dorsal surface of the tail ranged from yellow-green or

yellowish-green all the way to blue-green. In striking contrast, by Novem-
ber all but two birds were dorsally bluish-green or greenish-blue. This

color change is shown clearly on a chromaticity diagram (Fig. 1) in which

the dominant wavelength or hue of any single specimen is identified by

a straight line which starts at the white point (coordinates for white light

ofequal energy) and passes through the coordinates ofany single specimen

on a direct course toward the periphery of the diagram (see legend to Fig.

1 and Rossotti 1983:154-166 for further explanation).

Microscopic comparisons of fresh versus old back feathers revealed

that the yellow pigment or pigments responsible for the green color of

fresh feathers occurred only near the surfaces of feather rachi, barbs, and

basally on the barbules; medially and distally the barbules appeared to

be either unpigmented or pigmented only with melanin. The superficial

yellow pigment(s) found in the new, green feathers presumably is a ca-

rotenoid. Old back feathers appeared blue upon overall visual inspection.

Under 40 x magnification, however, blue was reflected only by the barbs;

the shafts and barbules appeared dusky, perhaps as a result of melanin

deposition. At higher power, neither yellow nor blue was reflected and

the areas of blue feathers which had been occupied by yellow pigment in

green feathers were translucent white, indicating the loss of the yellow

pigment in the blue feathers. Although many barbs of old blue feathers

had broken tips, and the barbules were in greater disarray than in fresh

feathers, microscopic examination under magnification from 40 x to

lOOOx of the surfaces of the rachi, all barbs including those which had

broken tips, and barbules of old blue dorsal feathers revealed them to be

intact. The physical appearance of surfaces of fresh feathers and old feath-

ers was identical microscopically.

Spectrophotometric analysis enabled quantification and statistical test-

ing of differences in dominant wavelength, brightness, and purity for the

three seasonal samples. Between March and November, mean dominant

wavelength changed from 564.9 nm (yellow-green) to 495.0 nm (bluish-

green) (Fig. 2a); mean brightness decreased from 10.7% to 9.0% (Fig. 2b);

and mean purity was reduced from 30.5% to 7.9% (Fig. 2c). For each

character a Kruskal-Wallis Test (Sokal and Rohlf 1969:388-391) dem-
onstrated significant seasonal differences (Adjusted H = 23.48 for dom-
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Fig. I. Chromaticity diagram on which are plotted the coordinates of trichromatic

coefficients x and y which resulted from reflectance spectrophotometry of the central dorsum

of 42 specimens of C. y. longirostris. The total sample was subdivided into three seasonal

samples. Coordinates for the white point of I. C. I. Illuminant C: = 0.3101, iv = 0.3163.

One specimen, a first-year bird with a greenish back, had atypical coordinates for November

and was excluded from the main ellipse for that subsample. Approximate ranges ofdominant

wavelengths for the color names shown are: blue, 465-482 nm; greenish-blue, 482-487 nm;

blue-green, 487-493 nm; bluish-green, 493-497 nm; green, 497-530 nm; yellowish-green,

530-559 nm; and yellow-green, 559-571 nm.
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Fig. 2. Interrelated aspects of the annual cycle of the Green Jay in the mid-Marahon

drainage, northern Peru: (a-c), components of dorsal color determined by reflectance spec-

trophotometry, (d, e), reproductive stage of individual specimens; (f ), unpublished figures

(provided by Manuel Plenge) for monthly mean rainfall and mean temperature for 1951-

1960 at Huancabamba, northern Peru, a site near the range of C. y. longirostris.
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inant wavelength, 15.08 for brightness, and 23.38 for purity and x^.oi[ 2 ]

= 9.210 in each instance, thus rejecting the null hypothesis. Seven of nine

pairwise comparisons showed significant or highly significant dih'erences

(Mann-Whitney f/-Tcst). The two non-significant comparisons were of

brightness, March vs Aug.-Sept. (/ statistic, 135; z value, 0.3419; P =

0.7324), and purity, Aug.-Sept. vs Nov. (/ statistic, 105.5; z value,

0.743168; P = 0.4574). To our knowledge no quantitative study of sea-

sonal color change with such dramatic visual effects has been published

previously.

Reproductive cvc/c5. — Male Green Jays in the Marahon drainage un-

dergo definite testicular recrudescence in August and September, and by

November the largest testes were recorded (Fig. 2d). The female repro-

ductive cycle (Fig. 2e) parallels that of the male, with enlarging ova re-

corded in early September and laying individuals found in early Novem-
ber. The data are too spotty to rule out breeding by at least occasional

individuals at other times of the year. Indeed, the presence of three late

August specimens in early-middle postjuvenal molt suggests that some
birds nest from May to July. However, our data definitely indicate that

the peak in breeding effort occurs sometime during the Austral spring and

summer, i.e., between August and January. We infer that the principal

breeding period wanes at least by January or February; by then most birds

must be well into the postnuptial molt as shown by the advanced molt

stages of the early March sample.

Climatic variables.— The possible relationship of environmental vari-

ables such as temperature and rainfall to breeding and molting cycles is

of interest. Although mean temperatures are slightly reduced for at least

some months during the period April-September (Fig. 2f ), the data avail-

able point to no pronounced annual variation in this feature. Rainfall

totals, however, show clear monthly variability, with a very dry interval

between July and September contrasting with a wet season that peaks

from January through March (Fig. 2f ). Rainfall data from Jaen (Espejo

1971), within the range of C. v. longirostris, are very similar except that

mean September totals are much greater; for this site September is best

included in the wet season.

DISCUSSION

We document that Green Jays in fresh plumage, acquired via a complete

molt which ends on a population basis sometime in March, have bright

yellow-green backs and that this appearance coincides with the end of the

rainy season. From that time on, the dorsal plumage gradually turns to

greenish-blue or blue as it increases in age, from the end of the wet season

through the ensuing dry season. During the latter part of the dry season
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the birds begin to breed while in their bluish phenotype. The extreme in

annual blueness is reached just before the major annual molt, which is

inferred to begin sometime in January or February, at the height of the

rainy season.

At least some instances of color change from green to blue in birds are

said to be mediated by degradation through wear of the yellow carotenoid

layer in the keratinous sheaths of the feather barbs and barbules. Such

wear gradually exposes the Tyndall blue caused by the underlying ho-

mogeneous cloudy layer (Lucas and Stettenheim 1972, Fox 1976). Our
microscopic study of old blue feathers revealed no apparent wear of the

keratinous sheaths of either the rachi, barbs, or barbules, and from this

evidence we conclude that abrasion probably does not play a significant

role in loss of the yellow pigment. Nonetheless, more refined examination

of surfaces of rachi, barbs, and barbules, perhaps through scanning elec-

tron microscopy, might detect subtle differences in wear between fresh

and old feathers, and we encourage such study.

In a general review of the chemical characteristics of carotenoids. Fox

(1976:68) reported that these pigments show “more or less pronounced

instability toward atmospheric oxygen (autoxidation accompanied by

bleaching of color).” Lucas and Stettenheim (1972:418) directly impli-

cated exposure to sunlight in the fading of carotenoid pigments found in

bird plumage. A specific example was cited by Welty and Baptista (1988)

who state that in the tropical Green Magpie {Cissa chinensis) the “plumage

is green in forest populations but blue among birds living in open country

where sunlight fades the superficial yellow pigment.” Unfortunately, no

data supporting the conclusion of fading were offered by Welty and Bap-

tista, nor have we been able to find a reference that documents their

report. Nonetheless, Vdlker (1964) reported that carotenoids and por-

phyrins (“fugitive pigments”) faded as a result of exposure to light, and

Test (1940) offered direct experimental evidence for the fading of carot-

enoids in Colaptes. Whether exposure to atmospheric oxygen exacerbates

the effects of sunlight, or plays a role of its own in the fading of feathers,

continues to be unclear.

For the present example of color change from green to blue in C. y.

longirostris, the lack of physical evidence for wear on the keratinous

surfaces of old feathers leaves us to suspect that autoxidation with ac-

companying bleaching (fading) is the most probable cause. Experimental

evidence on this point should be sought. The role of sunlight as a catalyst

in the oxidation of carotenoids (Test 1940) is likely because individual

jays with the bluest backs are found at the end of the dry season when
accumulated exposure to sunlight presumably has been greatest.
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Is the change from green to blue somehow adaptive? Burtt’s (1986)

elegant study underscores the complexity ofinleracting selection pressures

that impinge on avian colors and patterns. Regarding dorsal coloration,

Burtt noted the probable importance of selection for crypsis because “green,

brown, and gray are the least conspicuous feather colors when viewed

against a broadleaf or coniferous canopy.” We speculate that dorsal color

and its seasonal change from green to blue in C. y. longirostris is adaptive.

Newly molted, dorsally green birds predominate at the end of the rainy

season when green background vegetation is most luxuriant. The bluish

dorsum could be similarly protective during the dry season, when browns
and grays are commoner in the environment. A beneficial effect of crypsis

would not necessarily rule out other adaptive physiological or optical

relationships between the phenotype of the Green Jay and the biotic and

abiotic environment it occupies.

With a South American distribution spanning approximately 28° of

latitude (from 1 1°N Lat. to 17°S Lat.) across the equator, variation in

timing of nesting among populations of the Green Jay is of unusual in-

terest. To our knowledge no information on the timing of breeding in

mid-Marahon Valley populations at approximately 6°S Latitude has pre-

viously been published. Documentation presented here for their nesting

in the Austral spring and summer (September to December or January)

contrasts strikingly with the “northern” peak breeding period of March
and April reported for Colombian populations at approximately 6°N Lat-

itude in “lower montane humid forest” (Alvarez 1975). Therefore, over

a latitudinal span ofonly 1 2 degrees the species switches the nesting season

to opposite periods of the year. Because a pronounced dry season occurred

at Alvarez’ study site from December through March, coinciding with

the wet season in the mid-Maranon drainage on the opposite side of the

equator, breeding periodicity may be related to rainfall cycles rather than

to the relatively weak annual differences in photoperiod in both places.

In any event, information on breeding and molting cycles (and associated

plumage color change, if any) of populations of the Green Jay occurring

between mid-Maranon and Colombian sites would be extremely welcome.
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POPULATION STRUCTURE AND GENE FLOW IN THE
CHIPPING SPARROW AND A HYPOTHESIS FOR

EVOLUTION IN THE GENUS SFIZELLA

Robert M. Zink' and Donna L. Dittmann'

Abstract.—We studied restriction site variation in the mitochondrial DNA (mtDNA)
of 55 Chipping Sparrows {Spizella passcrina) taken from widely dispersed points in their

breeding range. A total of 2 1 haplotypes was observed, and on average, individuals differed

little in percent haplotype divergence (0. 12%). There was no detectable geographic variation

in haplotypes, despite the sampling of three named subspecies. Single-generation dispersal

distance was estimated from the mtDNA data at 5.4 km. One phylogenetic hypothesis for

six species in the genus (excluding Timberline Sparrow [5'. taverneri] and Worthen’s Sparrow

[.S', worthenl]) suggested that Black-chinned Sparrow {S. atrogularis) and Field Sparrow (S.

piisilla) were sister taxa, followed in sequence by Chipping, Brewer’s and Clay-colored

sparrows {S. pallida), with the American Tree Sparrow {S. arborea) most distant. Another

hypothesis grouped Chipping and Brewer’s sparrows. Received 24 Aug. 1992, accepted 3

Feb. 1993.

An important step in the evolutionary process is the origin ofgeographic

patterns of genetic variation. Patterns of genetic variation form the basis

for inferences about evolutionary processes that lead to the origin and

maintenance of geographic variation and speciation. In the last 20 years,

a number of molecular techniques, including protein electrophoresis and

restriction site analysis of mitochondrial DNA (mtDNA; Avise et al.

1987), have been used to describe genetic variation within and among
avian populations.

For north temperate birds, protein electrophoresis revealed few alleles

that varied geographically (Barrowclough 1983). From this result, many
researchers inferred that avian populations were essentially panmictic,

and that gene flow was substantial (Barrowclough 1983, Barrowclough

and Johnson 1988). Studies of mtDNA opened a new era because of

several advantageous aspects of mtDNA evolution (Moritz et al. 1987).

In particular, mtDNA appears to evolve faster than most types of nuclear

DNA (including that which encodes allozymes), providing an enhanced

probability of detecting geographic variation. Indeed, mtDNA studies

reveal an array of population structures (Ball et al. 1 988, Avise and Nelson

1989, Zink 1991, Avise and Ball 1991, Moore et al. 1991, Shields and

Wilson 1987a, Ball and Avise 1992, Zink and Dittmann, in press). For

instance, Avise and Nelson ( 1 989) found two geographic groups ofmtDNA
lineages in the Seaside Sparrow {Ammodramus maritinms). Zink (1991,

' Museum of Natural Science, Louisiana State Univ., Baton Rouge, Louisiana 70803. (Present address

RMZ: Bell Museum of Natural History, Ecology Bldg., Univ. of Minnesota, St. Paul, Minnesota 55108.)
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in press) found significant mtDNA variation in the Fox Sparrow {Pas-

serella iliaca), whereas in an allozyme survey no geographic differentiation

was detected (Zink 1 986). In the Song Sparrow (Melospiza melodia), which

exhibits extensive geographic variation in morphology, there was consid-

erable mtDNA variation but essentially no geographic structure (Zink and

Dittmann, in press).

To date, mtDNA studies of geographic variation in birds have tended

to involve species that exhibit geographic variation in morphology. Con-

sequently, we know little about the genetic structure of species that exhibit

little or no geographic variation in external phenotype. Because it is often

assumed that geographic variation in external phenotypes reflects under-

lying genetic structure, it is appropriate to examine the geographically

uniform species. Such comparisons will clarify the relationship between

morphological and genetic variation. In this paper, we describe a survey

of mtDNA restriction site variation in the Chipping Sparrow {Spizella

passerina), a widespread migratory North American passerine bird (Fig.

1 ). Taxonomic variation in the Chipping Sparrow in North America (north

ofMexico) is limited to three weakly demarcated subspecies (AOU 1957).

Our samples were taken from regions as far apart as North Carolina and

the Yukon. We estimate the degree of population subdivision, level of

gene flow, and the correspondence of mtDNA variation and subspecies

limits. To put our study in a phylogenetic perspective, we also provide

an estimate of the relationships of species in the genus, with the exception

of the Timberline Sparrow (S. taverneri) and Worthen’s Sparrow {S. wor-

theni), species for which we lacked tissue samples.

METHODS

Samples (Table 1) were collected during the breeding season from 13 sites (Fig. 1). From
each of the 55 specimens, samples of liver, heart, and pectoral muscle were frozen in liquid

nitrogen. Upon return to the laboratory, mtDNA was purified from tissues following pro-

cedures in Lansman et al. (1981) and Dowling et al. (1990). Purified mtDNA from each

individual was digested with 20 restriction endonucleases (see Appendix I), end-labeled with

and electrophoresed in 0.7% to 1.1% agarose gels. Fragments were visualized with

autoradiography. A letter was assigned to each distinct restriction fragment profile. The
combination of an individual’s letters for all endonucleases constitutes its composite hap-

lotype. Each individual was scored for the presence or absence of each restriction fragment

for each endonuclease. Fragment profiles produced by each endonuclease differed from each

other by one or two restriction sites, making inference ofthe presence or absence ofrestriction

sites straightforward. The matrix of restriction sites was used to estimate the percent nu-

cleotide divergence (p) among haplotypes following Nei and Li ( 1 979). A computer program

written by J. E. Neigel was used to estimate single generation dispersal distance (Neigel et

al. 1991). The method requires a phenogram based on mtDNA genetic distances (p-values),

generation length (we assumed that two years was reasonable), geographic distance between

each pair of localities, and an estimate ofmtDNA evolutionary rate, for which we used one

percentage per lineage per million years (Shields and Wilson 1 987b). The procedure involves
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dividing the phenogram into 10 equal sections based on level of divergence (beginning at p
= 0.0), and estimating the dispersal distance for each section. It is expected (J. E. Neigel,

pers. comm.) that the youngest lineage classes (i.e., the first few sections in the phenogram)

will provide the best estimate of dispersal distance because they likely have not been limited

or confined by geographic barriers to gene flow (therefore the relationship between genetic

and geographic distance is monotonic). The matrix of restriction sites was analyzed by the

computer program HENNIG86 (Farris 1989) to infer a phylogenetic network using the

principle of maximum parsimony. The matrix of p-values was analyzed using the FITCH
routine in the computer program PHYLIP (Felsenstein 1987), which produces a distance

tree following the method of Fitch and Margoliash (1967). Also, a UPGMA phenogram was

produced from the matrix ofp-values (Sneath and Sokal 1 973). For the phylogenetic analysis

of species, only the pattern of restriction fragments (see Appendix 2) was analyzed because

we lacked financial resources to map restriction sites; see Zink and Avise (1990) for justi-

fication. One individual per species was used. Both HENNIG86 and PHYLIP were used to
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Distribution of Samples (see Fig.

Table 1

1 ) AND Composite Haplotypes Found at Each

Sample Site"*

Geographic site (code) N Haplotype (s)

1. North Carolina (NC) 1 1

2. Wisconsin (WI) 2 1 (2)

3. Minnesota (MN) 2 1 (2)

4. Louisiana (LA) 3 1 (2), 2

5. Manitoba (MA) 8 1 (4), 3, 7, 15,21

6. Saskatchewan (SA) 7 1 (3), 4, 5, 16, 17

7. Alberta (AL) 3 1,6,7

8. Yukon (YU) 2 1 (2)

9. Northern British Columbia (NB) 7 1 (4), 8, 18, 19

10. Central British Columbia (CB) 3 1,7, 10

1 1

.

Southeastern British Columbia (SB) 5 1 (3), 20,21

12. Washington (WA) 3 1 (2), 9

13. Southern California (CA) 9 1 (5), 11, 12, 13, 14

" Numbers of individuals with particular haplotype in parentheses. Samples 1—4 are from S. p. passerina, 5-1 1 from S.

p. boreophila, and 12-13 from S. p. arizonae.

analyze the fragment matrix as described above. We also used the bootstrap procedure

(Felsenstein 1985) in PHYLIP to evaluate the strength of the phylogenetic pattern obtained;

because not all restriction fragments are independent, we do not interpret bootstrap values

statistically but rather as a description of the data (Zink and Avise 1990).

RESULTS

Chipping Sparrow.— Based on restriction fragment profiles that yielded

mtDNA fragments between 1000 and 8000 base pairs, we estimated the

size of the mtDNA genome at 16,500. Five restriction endonucleases

produced only a single pattern: Ava I, Kpn I, Nci I, Sac II, and Stu 1. The
other 15 endonucleases produced from two to four patterns (Appendix

I). A total of 141 restriction sites was found. A total of 21 haplotypes was
observed among the 55 Chipping Sparrows studied. Apart from haplotype

1, only haplotype 7 was identified in more than one individual (Table 1).

Haplotype 1 occurred in every geographic sample and in 32 of the 55

individuals. Most haplotypes differed by one or two restriction sites. The
average /7-value among the 21 haplotypes was 0.28% ±0.12 (SD; N =

210), and the range was from 0.06 to 0.62%. Among the 55 individuals,

the average /?-value was 0. 1 2% ±0.12 (SD), and the range was from zero

to 0.62% (N = 1485). The distribution (Fig. 2) of/?-values among all pairs

of haplotypes reveals that most individuals have very similar mtDNA
genomes. The topology of the UPGMA phenogram depends on the input

order of haplotypes (because of identical values in the distance matrix).



Zink and Dittmann • mtDNA STUDIES OF SPIZELLA 403

1 2 3 4 5 6 7

Percent Haplotype Divergence
Fig. 2. Distribution of pairwise haplotype distances among all individuals.

but in none was the phenogram geographically informative. For example,

in one phenogram (not shown), a cluster contained haplotypes 9 (Wash-

ington), 12 (southern California), and 17 (Saskatchewan). The parsimony

analysis found over 100 equally most-parsimonious trees (length 33, con-

sistency index 0.84, retention index 0.58). The cladograms were geograph-

ically uninformative (as was the strict consensus). For example, a most

parsimonious cladogram (Fig. 3) showed that the five haplotypes from

southern California (1, 11, 12, 13, 14) were not sister taxa and in fact

were distributed throughout the tree. In no instance did the cladogram

show sister haplotypes being from the same sample. The estimate of gene

flow is 5.4 km/generation (based on the youngest class of lineages).

Evolution of Spizella Species.—A total of 1 98 restriction fragments was

scored for the six Spizella species and the outgroup, the Dark-eyed Junco

iJunco hyemalis) (Appendix II); the Chipping Sparrow haplotype 1 was

used to represent that species. MtDNA data reveal considerable differ-

entiation among species (Table 2), with /7-values ranging from 0.036
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Fig. 3. Most parsimonious cladogram of 21 Chipping Sparrow haplotypes. For geo-

graphic location of haplotypes, see Table 1.

(Chipping Sparrow vs Brewer’s Sparrow [Spizella breweri]) to 0.151

(American Tree Sparrow [S. arborea] vs Field Sparrow [S. pusilla]); the

average among Spizella species was 0.078 ± 0.041 (SD). The Fitch-

Margoliash (F-M) tree (Fig. 4B) portrays the American Tree Sparrow as

basal in Spizella, with Clay-colored Sparrow {S. pallida). Chipping Spar-
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Dark-eyed Junco

American Tree Sparrow

Clay-colored Sparrow

Chipping Sparrow

Brewer's Sparrow

Field Sparrow

Black-chinned Sparrow

Dark-eyed Junco

American Tree Sparrow

Clay-colored Sparrow

Field Sparrow

Black-chinned Sparrow

Chipping Sparrow

Brewer's Sparrow

Fig. 4. A (bottom). Single most parsimonious cladogram of species of Spizella. Numbers
indicate times out of 100 bootstrap replicate trees that that node occurred. B (top). Fitch-

Margoliash tree; branch lengths in units of p.

row, and Brewer’s Sparrow successively more derived relative to the Field

Sparrow and Black-chinned Sparrow {S. atrogularis), the latter of which

were sister species. Branch lengths on the F-M tree suggest rate hetero-

geneity, especially concerning the American Tree Sparrow and Clay-col-

ored Sparrow. A single most parsimonious tree (Fig. 4A; length 237,

consistency index 0.75, retention index 0.42) was found, which differs

from the F-M tree in showing Chipping Sparrow and Brewer’s Sparrow

as sister taxa. Bootstrap analysis reveals the same tree topology (Fig. 4A),

and shows that the strength of support for this pattern in the fragment

data matrix is not high. To evaluate the topology produced by the F-M
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Table 2

Matrix of F-values among Species of Spizella

1. Dark-eyed Junco 0.000

2. Chipping Sparrow 0.065 0.000

3. Black-chinned Sparrow 0.081 0.061 0.000

4. American Tree Sparrow 0.056 0.132 0.096 0.000

5. Clay-colored Sparrow 0.051 0.043 0.141 0.062 0.000

6. Field Sparrow 0.121 0.058 0.061 0.151 0.049 0.000

7. Brewer’s Sparrow 0.056 0.036 0.062 0.131 0.039 0.046 0.000

procedure, we input it into HENNIG86, and found its length to be 238

(consistency index 0.75, retention index 0.41), only one step longer than

the shortest tree. Therefore, we would not interpret the differences between

the two topologies with confidence.

DISCUSSION

Geography ofmtDNA variation in the Chipping Sparrow.— T\\q average

number of haplotypes per individual (21/55 or 0.38%) is equivalent to

that found in other passerine birds (Ball et al. 1988, Zink et al. 1991b,

Zink 1991) and indicates that genetic variation exists in the mtDNA
genome. Although a large part of the range was sampled. Chipping Spar-

rows exhibit no geographic differentiation in mtDNA restriction sites.

Most individuals possess the same haplotype (1) or one at most a few

steps removed from it. The mtDNA population structure thus consists

of a group of closely related haplotypes that are not geographically struc-

tured. Thus, the three named subspecies (Fig. 1) have no support from

the mtDNA data. However, absence of geographic variation does not

mean that there is not genetic differentiation in other parts of the genome,

such as that which might underlay the phenotypic variation partitioned

taxonomically into subspecies.

The maximum distance (or depth) among extant haplotypes detected

in our study, p = 0.6%, is much less than the distance among the Chipping

Sparrow and its relatives (minimum p = 3.6%; Table 2). The extant

haplotypes in the Chipping Sparrow thus trace to a common maternal

ancestor that lived well after the separation of the Chipping Sparrow from

other Spizella. The depth of the haplotype tree in the Chipping Sparrow

is similar to that in some avian species (e.g.. Red-winged Blackbird [Age-

laius phoeniceus]\ Ball et al. 1988), but “shallower” than that in others

(e.g.. Song Sparrow; Zink and Dittmann, in press). It is possible that a

bottleneck culled haplotype lineages at a time equal to the accumulation

of 0.6% sequence divergence. Stochastic lineage sorting could produce
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such a distribution of haplotype lineages (Neigel et al. 1991). Given the

calibration of mtDNA of 1% per lineage per million years (Shields and
Wilson 1987b), the common (maternal) ancestor of extant haplotypes in

the Chipping Sparrow existed about 300,000 years ago.

The mtDNA data also are consistent with the possibility that the range

of the Chipping Sparrow recently expanded, as one would predict from

the current distribution of Chipping Sparrows and Pleistocene glaciers

(Pielou 1991). Rogers and Harpending (1992) suggest that a distribution

of individual haplotype distances like that in Figure 2 suggests recent

population expansion. The lack of geographic variation in mtDNA re-

striction sites parallels several other avian species that also span recently

unglaciated regions (Ball et al. 1988, Zink et al. 1991b, Moore etal. 1991).

Recent range expansion and insufficient time in situ could explain lack

of geographic variation in mtDNA. Across the same area as that surveyed

here, Zink (in press) found four distinct groups of mtDNA haplotype

lineages in the Fox Sparrow {Passerella iliaca). It is apparent, therefore,

that currently codistributed species need not have had the same histories.

The occurrence of sister haplotypes in different samples (Fig. 3) is

potential evidence of gene flow (Slatkin and Maddison 1989). The dis-

persal distance of 5.4 km/generation is consistent with those computed
for other birds, both with and without geographic variation (Neigel and

Avise, unpubl. data). It is as yet unknown whether this magnitude of gene

flow prevents establishment of mtDNA geographic variation, as is pre-

dicted for the immigration of a single individual per generation (for se-

lectively neutral traits; Wright 1978). To examine the robustness of the

dispersal estimate, we compared the estimated dispersal distances at each

of the 10 levels to those based on random permutations of the haplotype

distributions. At most levels, the actual observed value was greater than

random values, suggesting that the Chipping Sparrow lineages have

achieved an equilibrium between dispersal and genetic drift (Neigel and

Avise, unpubl. data). The estimate of 5.4 km, however, was less than that

obtained from the randomized estimate for its class, which lends confi-

dence to that estimate. Nonetheless, mark-recapture or dispersal estimates

from other genetic markers should be used to test the mtDNA estimate.

The question of why the Chipping Sparrow lacks significant geographic

variation in phenotypes, despite occupying a large range, is unanswered.

Many factors contribute to the evolution of geographic variation (Zink

1 986). Perhaps limitation to one habitat, or selective regime, such as open

pine woods and edges, prevents development of geographic variation

(Miller 1956). However, the sheer latitudinal area occupied must place

individuals in different temperature and humidity regimes (James 1970;

Aldrich and James 1991). Possibly the seemingly continuous distribution
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of Chipping Sparrows allows for sufficient gene exchange to prevent dif-

ferentiation. Another potential reason for why a species might lack geo-

graphic variability concerns its age. A relatively young species might not

have had enough time to respond to different environmental conditions

and evolve geographic differences. The Chipping Sparrow is differentiated

from its nearest relative by at least 3.6% estimated sequence divergence

(Table 2). This value is about average for avian passerine congeneric

species in the temperate zone (Zink et al. 1991a). Of course, degree of

geographic variation might be related to the time since a species has been

widespread, which might be unrelated to the distance to its nearest con-

gener. Nevertheless, the Chipping Sparrow does not appear particularly

“young,” and other reasons for the lack of geographic variation should

be sought. Substantial gene flow and recent population expansion are

possibilities.

Evolutionary relationships in — Because the mtDNA genome
is inherited as a single linkage unit, it represents a single “gene tree.” Our
mtDNA trees (Fig. 4A, B) therefore represent preliminary hypotheses of

Spizella phylogeny. It seems clear that the American Tree Sparrow is very

distant from other congeners, as noted by Mayr and Short (1970). The
mtDNA genetic distance from American Tree Sparrow to the other taxa

averages 0. 105, whereas the same figure for the Dark-eyed Junco is 0.072

(Table 2). Although we lack the taxa to conclude if Spizella is monophy-
letic, this should be tested. Both trees also suggest that the Clay-colored

Sparrow is relatively basal. We assume that Worthen’s Sparrow is the

sister taxon to the Field Sparrow (Mayr and Short 1970), and that Tim-
berline Sparrow is the sister taxon to Brewer’s Sparrow (Sibley and Monroe
1990); these propositions should be tested.

Mayr and Short (1970) stated that the Clay-colored, Brewer’s and Chip-

ping sparrows formed a species group (the ^"passerina" complex), which

presumably means that they are monophyletic. This result was not ob-

tained in either the F-M or parsimony trees (Fig. 4A, B); Mayr and Short’s

hypothesis requires 260 steps relative to the 237 in the shortest parsimony

tree. Mayr and Short’s (1970) grouping of taxa apparently results from

the taxonomic concept of the “grade” as opposed to that of the “clade”

(Wiley 1981). That is, these species share ancestral features, ones not

necessarily indicative of phylogenetic affinity.

Mayr and Short (1970) stated that the Black-chinned Sparrow might

be related to the S. passerina complex; our data do not support this

proposition. The proposed sister taxon relationship between Black-chinned

Sparrow and Field Sparrow (Fig. 4A, B) is consistent with the possession

of a pink bill, a potential synapomorphy. Other morphological characters

should be analyzed as well. In addition, their songs are similar (Robbins
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et al. 1983), although this needs quantitative analysis. The species’s dis-

tributions also suggest sister-taxon status, each being almost parapatric

with the other. Within the genus, the Black-chinned Sparrow is pheno-

typically most differentiated, at least in plumage color and pattern. The
mtDNA genetic distances (Fig. 4B) from the hypothesized most recent

common ancestor to the Field and Black-chinned sparrows suggest that

these two species have undergone relatively rapid evolution, which is

consistent with plumage evolution in the Black-chinned Sparrow but not

the Field Sparrow. The amount of anagenesis in the Black-chinned Spar-

row (0.34) is even greater than that in the Field Sparrow (0.26; Fig. 4B),

suggesting an accelerated rate in the former. These two species should be

compared to determine ifdifferences in demography or potential for sexual

selection might explain the apparent difference in magnitude and rate of

phenotypic evolution. That is, because the unique features of the Black-

chinned Sparrow apparently originated since it last shared a common
ancestor with its sister taxon, evolutionary causes might be inferred from

its current demography or current biotic interactions (Brooks and Mc-
Lennan 1991).
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Appendix I

Letter Codes for Restriction Fragment Prohles for Composite Haplotypes

Observed in Chipping Sparrows and Related Species^

Haplo-
type
num-
ber Letter codes

1 A
2 •

3 •

4 •

5

6 •

7

8 •

9 •

10 •

1

1

•

12 •

13 •

14 •

15 •

16 •

17 •

18 •

19 •

20 •

21 •

A A

C

B
C

D
E F

AAAAAAAAAAAAAAAAA
B

B
C

B

C

B

B
D

B

B

B
B

B

B

B

C
B

B
C
D
B

B

B

B

C

C

D

B

B

B

" A “dot” signifes the “A” pattern. Sequence of restriction endonucleases: Ava I, Ava II, BamH I, Ban II, Bet I, Bg/ 1,

Bg/ II, EcoR I, N/nc II, //ind III, Einf I, Kpn I, Mbo I, Msp I, Nci I, Nde I, Pvu II, Stu I, Sac II, and Xba I.
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Appendix II

Presence/Absence Matrix of Restriction Fragments in Species of Spizella and
Dark-eyed Junco-

Dark-eyed Junco

01000010010100100101 100000000000000000001 100100000100000100100100101010000001 10001011001000101000

1 10011000000001 1 101000101100010100000101000000001000100000000010011 10001 1010001000101000001000100

0001

Chipping Sparrow

1 1 110000000000100010001010000000000001 1 1 1 1 1 1000010001 100000000101 10101111 100000000001 1 1 1 1 10000000

0001 1 100000000001000001101010101 101 1 1010000001000110011 11101111 100000010001000100000101 1001000001

1001

Black-chinned Sparrow

1 000000000000 10011 0000 1 0 1 00000000 1 1 00000000 1 0 1 00000 100010010011 0000 1110011 0000000000 1 1 0 1 0.1 0 1 00000

1 00000000000 100010110011 00000000000000000000000000000000000 11110001 000000 1 0000000 100111001 0000000

oil 1

American Tree Sparrow

000011 100000000101001001000000001000001000000001000000101 101 10100101010000001 1 101001 10010101 10000

1 0000000 1 1 000000 111001 000000000 1 000000000000 110101 00000000 1 0000 10001111 0000000 1110011 00000 1 0 1 0000

0000

Clay-colored Sparrow

0 1 00000 1 1 1 0000 10001011 000000000 1 000000000000000 1000101 00000 1001001010100010011 000000 100101 0000 1 00

1 000000000 1 1 0000 1000101000111101 000000 1 0 1 00000000 1 1 000000000 10111 00000 1 000 1 000 1 00000 1011001 0000 1

0

0001

Field Sparrow

1 1 0000 1 000000000 1 0 1 0000000 1 1 1 1 0000000000000 1 0 1 000000 1 1 00000 10010011111 000000 100100011 0000 1 00000 1

1

001000000000100010001010001 1 1 10100000010100000000100000100010110011000010001100001001010100000000

0001

Brewer’s Sparrow

0 1 0000 1000101010001000101 000000000000 1111001001 0000 1 0 1 00000 1 00000 10101 0000000 10011111101011 000000

000001000000010010001010001 101 1 10000001000010010010100010001 1 1 1000100000001000100000101 1000101000

0001

Sequence of restriction endonucleases used (number of fragments): Ava 1 (14), Ava II (26), BamH I (10), Ban 11 (22),

Bel 1(12), Bgl I (16), EcoR 1(13), /fine 11 (21), /find 111 (22), Nci I (14), Nde 1(15), and Pvu II (13).
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EGG-LAYING INTERVALS IN THE
LESSER SNOW GOOSE

Claudia A. Schubert' and Fred Cooke^

Abstract.—The laying interval for Lesser Snow Geese {Chen c. caerulescens) at La Pe-

rouse Bay, Manitoba, calculated using two separate approaches, was approximately 33 ± 3

h. This value conflicts with the estimate of a 24 h interval suggested by Cooch (1958). The

contradiction is probably due to methods of data collection. Neither egg size nor female age

affected laying interval. There was no correlation between weather conditions and laying

interval. Significant but small differences in mean laying interval between years were found,

with a mean lying between 31 and 35 h. Received 17 Aug. 1992, accepted 23 Feb. 1993.

In birds, the amount of time between the deposition of successive eggs

(laying interval), which ultimately determines time required to complete

a clutch (laying period), is one factor affecting time of year when young

hatch. Given equal nest-building and incubation periods, a shorter or

longer laying interval could result in young of one individual hatching in

a more favorable environment than young of another. Therefore, laying

interval is an important avian trait that is susceptible to natural selection.

Time of day at which an egg is laid (laying time) can also affect laying

interval. If it is beneficial to lay at approximately the same time every

day, the laying interval should be approximately 24 h or a multiple thereof.

For instance, birds may tend to lay in the morning because this helps to

prevent breakage of eggs in the oviduct (Schifferli 1979). Alternatively,

laying early in the day may allow females to perform daily activities such

as feeding or nest defense without being hindered by the weight of an egg

in the uterus (O’Connor 1984). If there is no timing restriction, however,

or if variable laying times are advantageous, laying intervals could be any

length and could be equal between all eggs (constant) or longer between

some eggs than others (variable). In order to study laying interval properly,

therefore, we must also investigate laying time.

Because laying interval is susceptible to natural selection, there must
be advantages and disadvantages to shorter or longer intervals. For in-

stance, it might be possible to shorten the overall laying period by pro-

ducing eggs faster ifeggs are smaller. However, there may be disadvantages

in laying smaller eggs, as suggested by Ankney (1980), and a phenotypic

trade-off between egg size and laying interval may be expected. But, long

laying intervals may be prevented by time constraints, such as those

imposed by an Arctic breeding season, for instance. Long intervals would

' Zoology Dept., Univ. of Guelph, Guelph, Ontario, Canada, NIG 2W1.
“ Biology Dept., Queen’s Univ., Kingston, Ontario, Canada, K7L 3N6.
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likely lead to smaller clutch sizes given time constraints on the total laying

period, and smaller clutches will in turn lead to fewer successful offspring

(Rockwell et al. 1987), Therefore, we hypothesize that laying intervals are

likely to be the result of evolutionary trade-offs between clutch size, lime

available tor laying, and egg size. Studies of laying intervals of individual

females would help to clarify whether such trade-off's are occurring.

In past studies, however, individual laying times and intervals have

been largely ignored. While knowing general trends in laying behavior of

a population is helpful (Bezzel 1962, Raveling 1978, Birkhead 1980, Lank
et al. 1985, Macinnes and Dunn 1988), this knowledge alone cannot

provide a complete understanding of events occurring during the egg-

laying period and may lead to erroneous inferences about behavior of

individuals. Studies that have addressed individual laying behavior are

generally not well-controlled, utilizing incidentally collected data, nor do
they make any attempt to consider confounding events or the effects of

infrequent observations (Schubert and Cooke, unpubl. data).

In Lesser Snow Geese {Chen c. caerulescens), individual laying times

and intervals have been inferred from population data. The laying period

for a five-egg clutch is approximately six to seven days (Cooch 1958,

Krechmar and Syroechkovsky 1978). Knowing this laying period, some
hypotheses about laying interval in the Lesser Snow Goose can be elim-

inated (e.g., a constant laying interval shorter than 24 h or a constant

24-h interval). Others, however, cannot be eliminated so easily. The hy-

pothesis of a variable laying interval is difficult to test without continuous

observation, but preliminary observations indicate that laying interval is

relatively constant (L. Gurtovaya, pers. comm., M. Bousfield, pers. comm.).

The two hypotheses that we tested, therefore, are (1) Snow geese generally

lay eggs at 25 h intervals, with the interval between some eggs, usually

the fourth and fifth, being much longer (e.g., 45 h), such that eggs are

always laid in the morning (Cooch 1958), and (2) Snow Geese lay with a

constant interval longer than 24 h (e.g., 33.6 h, Krechmar and Syroech-

kovsky 1978). We also examine the effect of various factors (female age,

egg size) that may influence laying interval and consider the effects of

confounding events and infrequent observations on calculated laying in-

tervals.

METHODS AND MATERIALS

Data were collected from 1980-1988 at the Lesser Snow Goose colony at La Perousc Bay

(LPB) (58°24'N, 94°24'W), approximately 40 km east of Churchill, Manitoba. Every year,

a part of the colony was divided into small areas (approximately 1 km^, each of which was

assigned to a field assistant who carefully conducted daily nest searches. Nests were indi-

vidually numbered and marked with stakes when found. Date and time of each nest visit
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were recorded. Nests were usually visited daily at approximately 24-h intervals. New eggs

were numbered with a felt marker and weighed using a 300 g Pesola spring scale. If the

parents were seen, their color phase and band numbers (if banded) were also recorded. This

information allowed identification of individuals and provided information such as female

age and body size from banding records. Only nests that were found at the one-egg stage,

were observed daily, and were not predated before the onset of incubation were used for

our analyses. The average amount of time (in h) elapsed between deposition of successive

eggs was determined using the equation:

LI = (t^ - t,)/(N - 1) (1)

where LI is the laying interval, t, is the time and date at which the first egg was found, t^

is the time and date at which the last egg of the clutch was found, and N is the clutch size.

Clutch size was defined as number of eggs found before onset of incubation (i.e., the eggs

were consistently warm for at least three consecutive days). Nests in which two eggs were

observed to have been laid on the same day (106 nests or 4% of the sample), nests with

clutch sizes greater than six (seven or 0.26%), and nests at which an egg was found outside

the nest cup ( 1 7 or 0.64%) were assumed to have been parasitized and were therefore omitted

from the analyses (see Lank et al. 1989). Nests with two or more successive days on which

no new eggs were found (24 or 0.90%) were also removed from the sample. Such nests were

assumed to have been abandoned and subsequently taken over by another goose.

A second method to determine laying interval consisted of examining laying patterns.

Laying pattern refers to the order and day of laying of the eggs. Each character represents

the 24-h period between successive observations. Digits represent the egg-number of the

new egg found, and are assigned in the order in which eggs are found. The represents a

day on which no new egg was found (NNEF).

Only nests of clutch size five were used because smaller clutches have too few laying

patterns to distinguish between various hypothesized intervals, and larger clutches are less

common and have a very high probability ofcontaining the parasitic eggs (38-96%, Rockwell

et al. 1987). Nests were included only if they were visited at 24 ± 1 h intervals. Otherwise,

criteria for inclusion of nests were those used for method one. Expected laying patterns were

calculated based on the assumption that if nests are observed at a constant interval of 24

h and eggs are laid at a constant interval, various patterns would emerge. For instance, a

24 h interval would result only in the pattern 12345, and a 48 h interval would result only

in the pattern 1-2-3-4-5. A 36 h interval, however, would result in the pattern 1-23-45 in

half of the nests and the pattern 12-34-5 in the other half, depending on time at which the

first egg was found relative to when it was laid. Potential laying patterns were similarly

calculated for all hourly intervals between 24 h and 48 h and the frequencies at which laying

patterns were observed were compared to those expected under each interval.

In 1980, seven nests were visited twice daily, once in the morning and once in late

afternoon. From these nests it is possible to determine more precisely the time interval

during which eggs were laid.

Laying time of the first egg for 228 five egg clutches was also determined, assuming a 33

h laying interval. For each nest with an expected laying pattern, a time range during which

the first egg could have been laid was calculated based on the time of its discovery. Eaeh

individual laying pattern could have resulted from the first egg being laid at some time

within either a 3 h or 6 h period during the 24 h preceding its discovery. For instance, if

the laying pattern was 1-234-5 and the first egg was found at 10:00 h CST, this egg must

have been laid sometime between 01:00 h CST and 07:00 h CST. If the laying pattern was

12-34-5, however, the egg must have been laid between 22:00 h CST the previous day and

0 1 :00 h CST that day. The midpoint of this time range was then calculated, assuming this

was the time at which the egg was laid, and rounded to the nearest hour.
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Table 1

Average Number of Hours to Produce Each Egg“

Sample size Hours per egg
Clutch size (number of clutches) (± SO)

2 220 37.1 ± 16.4

3 431 36.4 ± 24.0

4 727 33.3 ± 9.4

5 362 32.7 ± 3.5

6 56 32.5 ± 5.4

- ANOVA: F= 2.25, P= 0.00 1 , N = 1 796.

RESULTS

The laying interval equation yielded intervals between 32.5 and 37.1

h per egg, assuming laying interval is constant (Table 1). The laying

intervals in clutches of two or three eggs are significantly larger than those

in clutches of four, five, or six eggs (ANOVA, F = 3.25, P = 0.001, N =

1796). A Tukey-Kramer test confirmed that the differences were indeed

due to two and three egg clutches {P < 0.05).

Clutches in which an egg has been removed by a predator would have

apparently fewer eggs and longer laying intervals, whereas clutches in

which an egg has been added would have apparently more eggs and shorter

laying intervals. These artifacts could lead to a negative correlation be-

tween observed clutch size and laying interval. Schubert (1990) showed

parasitism to be unimportant, but predation could bias the measurement

of the true laying interval in small clutches. Consequently, two and three

egg clutches were removed from subsequent analyses. Since there is no

significant difference between the laying intervals calculated for clutches

of four to six eggs (ANOVA, F = 0.82, P = 0.44, N = 1 145), these data

were pooled.

A 33 h laying interval encompassed the greatest frequency of laying

patterns observed in five egg clutches (75.6%, Table 2), a result consistent

with Table 1. Observed and expected pattern frequencies at this interval

did not differ significantly (Table 2; = 4.52, 0.10 > P > 0.05, df = 4),

though it could be argued that there is a marginal difference.

If some variation (±3 h) is assumed among birds, two laying patterns

are added to those expected. In total, then, the patterns found in 92% of

the nests are included (Table 2). Of the remaining nests, 5% have the

pattern 12345, and 3% contained more NNEF’s than expected (Table 2).

Thus, we assume that the laying interval is 33 ± 3 h and that most

unexpected laying patterns are a result of variation among birds (as is

suggested in Table 2). Unless otherwise stated, laying interval for all

subsequent analyses was calculated using equation (1).
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Table 2

Observed and Expected Frequencies of Laying Patterns

Laying Expected'’ Observed Observed
pattern frequency frequency number

123-45*’ 0.250 0.16 48

12-345*’ 0.250 0.18 54

12-34-5*’ 0.125 0.10 30

1-234-5*’ 0.250 0.23 70

1-23-45*’ 0.125 0.09 26

1234-5^ — 0.12 35

1-2345" — 0.04 13

12345"* — 0.05 15

1-2-34-5"* — 0.003 1

1-23-4-5"* — 0.003 1

12-3-45"* — 0.006 2

1-2-345"* — 0.013 4

123-4-5"* — 0.006 2

Total 301

“ The expected frequency of occurrence of each laying pattern was calculated using the amount of time throughout the

day during which the particular pattern could have occurred. That is, if a total period of six hours on the day of nest

initiation could have resulted in a particular laying pattern, the expected frequency of that pattern was 6/24 or 0.25.

Pattern exp)ected under a 33 h hypothesis.

" Pattern not expected under 33 h, but expected under a 33 ± 3 h hypothesis.
'' Pattern not expected under a 33 ± 3 h hypothesis.

Laying times can vary in two ways. First, it is possible that laying time

of the first egg is fixed, with all birds beginning their clutches at roughly

the same time of day, and subsequent laying times varying depending on

laying interval. Alternatively, laying time of the first egg can vary ran-

domly among individuals.

Number and proportion of first eggs laid during each hour of the day

were calculated from laying patterns of five egg clutches, assuming a 33

h interval as determined by methods one and two (Fig. 1 ). Running means,

calculated over 3 h and 6 h intervals, indicate that there is a significant

peak in laying frequency from 07:00 h CST to 09:00 h CST (x^ = 27.5,

P < 0.01, df = 7). This peak, however, is small (incorporating less than

20% of the nests). Fig. 1 indicates that laying occurs throughout the day

and night, with its frequency never deviating very far from that expected

under a random distribution of laying times.

Nests visited twice daily indicated that four out of 25 eggs (all positions,

five egg clutches) were laid between 10:00 h CST and 17:00 h CST (the

“afternoon” period). This number may have been slightly higher because

some nests were visited slightly later than 10:00 h CST or earlier than
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1 7:00 h CST. If laying is assumed to be random throughout the day, seven

out of every 24 (or 7.25 out of 25) eggs should be laid during the “after-

noon”. There is no significant difference between the observed and ex-

pected laying frequencies for this period (Binomial test P = 0.1 1). The
four “afternoon” eggs were laid by four different females, each of which

usually laid during the longer interval, indicating that laying time does

not merely vary among individuals but within individuals as well.

Laying intervals and laying times of the Lesser Snow Goose are pre-

sumably the result of natural selection, since they can affect the survival

of young. Because they act through proximate processes, selection pres-

sures can be better understood by examining the influence of environ-

mental and physiological factors on laying times and intervals. We ex-

amined several such factors.

For physiological reasons (time required to deposit albumen or egg shell

layers, or time required to convert nutrients into a usable form, for in-

stance), females might be expected to lay smaller eggs more quickly than

larger eggs, thereby shortening the overall laying period and gaining re-

productive advantage by hatching their young earlier. We corrected for

the positive correlation between egg size and female body size (Cooke,

unpubl. data), as measured by tarsus length and body weight at banding

(assuming this is an indicator of body size), by using egg size relative to
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Table 3

AcE-sPECinc Laying Intervals^

Age (yrs) Sample size Interval (h) ± SD

<3 13 32.4 ± 6.2

4 23 34.5 ± 4.7

5 27 32.7 ± 2.3

6 24 32.6 ± 4.7

7 24 34.0 ± 3.9

8 27 31.6 ± 3.8

9 24 33.5 ± 4.4

10 18 32.4 ± 4.6

1

1

9 29.7 ± 5.0

12 12 33.5 ± 6.0

>13 8 30.7 ± 5.8

ANOVA: F =
1 .39, F = 0. 1 6, N = 209.

female body size. Relative egg weight was not correlated with the laying

interval in either case (tarsus: R = 0.007, P = 0.28, N = 179; mass: R =

0.005, P = 0.32, N - 195).

Females used to examine the elfects of age in laying interval were

between the ages of two and 16 years. Those over 12 years of age were

grouped, as were those under four years. Laying interval at LPB was

independent of female age (Table 3; ANOVA, F = 1.39, R = 0.16, N =

209).

Since factors such as egg size and hatchability vary within a clutch

(Williams et ah, in press), perhaps laying interval is variable also (i.e.,

eggs in certain positions within a clutch take longer to produce than

others). The longer an egg takes to produce, the greater the probability of

NNEF at that position within the clutch. In this study, NNEF frequency

differed signihcantly depending on position within a clutch (Table 4; G
= 101.3, P < 0.001, N = 4864), consistent with the differing frequencies

at which certain laying patterns occur.

For each day during nest initiation each year, the proportion of active

nests with NNEF was calculated. Only in two years, 1982 and 1985, were

there signihcant differences between days in percentage of nests with NNEF
(1982: G = 20.75, P = 0.008, N = 844; 1985: G = 17.58, P = 0.014, N
= 439). Environment Canada weather data for Churchill, Manitoba,

showed no adverse weather conditions on days of, or the days preceding,

unusually high NNEF frequencies. That is, there was no snowfall and

temperatures averaged above freezing. A principal components analysis

to determine the contribution of temperature, total rainfall, and total
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Table 4

Probability of NNEF Before Certain Egg Numbers

Egg number

Clutch size' 2 3 4 5 6

2 0.46

3 0.38 0.46

4 0.36 0.29 0.46

5 0.42 0.31 0.28 0.47

6 0.46 0.27 0.33 0.31 0.38

- (7 = 101 .30, P < 0.001, N = 4864.

snowfall to “weather” indicated no significant correlations between NNEF
frequency and principal component 1 in any year of the study (Table 5).

Apparently, immediate weather conditions have no detectable effect on

laying interval.

If factors affecting laying interval covary from year to year, differences

in calculated laying intervals between years could occur even though the

effect of one factor alone was undetected. Laying interval was dependent

on year (Table 6; ANOVA, F = 6.52, P < 0.001, N = 1 140), although

all intervals were well within three hours of 33 h. There is no significant

correlation between either parasitism frequency and laying interval {R =

0.105, P = 0.82) or between predation frequency and laying interval {R
= 0.358, P = 0.36) in any year.

DISCUSSION

A 33 h laying interval, obtained by using two methods, indicates that

the phenomenon of not finding a new egg on a certain day in the laying

sequence is likely an artifact of data collection methods rather than a

bird’s varying her laying interval. This is consistent with Krechmar and

Syroechkovsky’s (1978) hypothesis of a constant interval longer than 24

h. Y. Gurtovaya (pers. comm.) and M. Bousfield (pcrs. comm.) have

recently observed a similar interval in Snow Geese nesting elsewhere.

The marginal difference found between observed and expected fre-

quencies of laying patterns may be eliminated by addition of the two

laying patterns produced by assuming a ±3 h variation among birds.

Statistical analysis to determine the extent of laying interval variation

would not be valid, however, because some patterns expected under var-

ious laying intervals can be the same. To predict frequencies with which

each pattern should occur, assumptions must be made about what pro-

portion of the population lays at each interval. Eventually, assumptions
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Table 5

Correlations of Probability of NNEF with Weather^*

Year

Pearson
correlation

coefficient Probability

1980 0.260 0.50

1981 0.051 0.91

1982 -0.017 0.97

1983 0.450 0.31

1984 0.634 0.13

1985 -0.481 0.23

1986 0.760 0.14

1987 -0.373 0.54

1988 -0.027 0.95

" Principal component one of temperature, total rainfall, and total snow.

that fit the observed frequencies would be found, but their validity would

remain uncertain. Therefore, we assume that there is variation among
birds, but the mode is 33 h.

Those nests that are not consistent with a 33 ± 3 h laying interval may
result from either undetected nest parasitism, or predation or from females

with extreme variation around the average 33 h interval (e.g., 25-29 h

for the pattern 12345 or >37 h for other patterns). A shorter than 33 h

laying interval is more plausible for nests with laying pattern 12345, since

parasitism frequency is too low to account for these. Nests with more
NNEF’s than expected could result from undetected predation or from a

laying interval longer than 33 h. Continuous surveillance of nests is re-

Table 6

Mean Laying Intervals by Year==i

Year
Sample size

(clutches)

Mean laying interval

(± SD)

1980 148 33.4 ± 4.0

1981 162 32.9 ± 4.2

1982 217 33.7 ± 4.6

1983 94 31.4 ± 4.1

1984 1 1

1

32.1 ± 4.2

1985 107 34.0 ± 4.0

1986 87 32.2 ± 4.5

1988 160 32.9 ± 4.1

As determined using method one; ANOVA: F = 6.52, P < 0.001, N = 1 140.
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quired to determine events leading to these anomalous observations and
to determine the extent of variation in laying interval among geese in the

colony.

Geese have traditionally been thought to lay their eggs in the morning
hours. There is, however, evidence to suggest that laying occurs at other

times of day as well (Cooper 1978, Johnsgard 1961,Kossack 1950, Owen
1980, Williams 1967, Young 1972). For the 33 ± 3 h laying interval to

be correct. Snow Geese must vary laying times. Our analyses confirmed

that laying of first eggs occurs at any time of day, and that females vary

laying times, even within a single clutch.

Hypothetically, relatively large eggs take longer to produce. If an egg is

very large relative to size of the female, extra time may be required to

obtain necessary nutrients on the breeding grounds (Gauthier and Tardif

1991) or to convert them into a usable form if stored before arrival at

the breeding ground (Ankney and Macinnes 1978). However, relative egg

size of Lesser Snow Geese did not affect laying interval. Therefore, there

is no evidence that geese reduce laying intervals through production of

smaller eggs.

Young Snow Geese lay smaller eggs (Newell 1 988) and smaller clutches

later in the season (Finney and Cooke 1978, Hamann and Cooke 1987)

than do older birds. Thus, young birds, especially first-time breeders, may
also have a longer laying interval. M. Bousfield (pers. comm.) has observed

an interval of 39 h in first-time breeders in a captive flock where the

interval in experienced birds was approximately 36 h. In contrast, we
found that laying interval did not change with female age. However, our

sample of known first time breeders was small and may not accurately

reflect behavior of this group. Further investigation is necessary to de-

termine effect of age and experience on laying interval in geese.

Under Cooch’s ( 1 958) hypothesis, NNEF frequency should be very high

before the fifth egg of a clutch, and close to zero before any other position.

This was not true, however. Under a constant 33 h hypothesis, given

random laying times for the first eggs, NNEF should be equally likely at

all positions. However, because certain laying patterns have different ex-

pected frequencies than others, depending on the amount of variation

around the 33 h laying interval, corresponding variation in NNEF fre-

quency is expected among positions. Unfortunately, this hypothesis can-

not be tested statistically because of the unquantified variation in laying

interval. Nevertheless, our data suggest a 33 ± 3 h laying interval because

the NNEF frequency is relatively high for all positions in all clutch sizes

and does not peak before the fifth egg of five and six-egg clutches.

Weather may also influence a female’s laying schedule. For instance,
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some passerines do not lay on extremely cold days (von Haartman 1951).

However, a delay due to weather may be disadvantageous in an Arctic

breeding season, because this would lengthen the laying period. Under
the time constraints of the Arctic breeding season, an entire brood can

be lost due to a delay of a day or two. Indeed, delays in egg deposition

due to severe weather do not seem to occur in the Lesser Snow Goose.

Although significant differences in laying interval were found between

years, these differences were small (all within 33 ± 2 h) and may be due

to sampling a different group of females each year. However, further

analyses of variables such as snow cover, food availability, number of

nest sites available, and predator density, are needed to determine whether

yearly variation is the result of variation in environmental factors.

For our analyses, we assumed that nests were found within 24 h of the

first egg being laid, as nesting areas were checked very carefully each day.

If nests were missed on the first day, frequency of nests with NNEF after

the first egg, as well as laying period for the clutch, were underestimated.

The probability that a nest was not found on its first day is very low,

however. Also, the effects of such nests on calculated laying intervals

would be strongest in the smaller clutch sizes. Because these were removed
from most analyses, detectable effects of a small number of such nests

were also removed.

Further research is necessary to answer questions raised in our study.

Ideally, to eliminate many uncertainties, nests should be observed 24 h

per day to determine individual behaviors. However, factors such as

disturbance of the bird, location and type of nest, and inability to see

nests clearly at a distance often make such observations impractical. Be-

cause data collection methods are often limited by available resources,

alternative methods of answering pertinent questions must be found. For

instance, more frequent observations can provide a more precise estimate

of laying interval. Alternatively, laying patterns can be used. Although

these methods still leave room for uncertainty, they provide better esti-

mates of individual laying times and intervals than previous studies. This

study makes use of such methods as well as considering the effeets of

confounding events.

We document the length ofthe laying interval of the Lesser Snow Goose
and examine, in detail, some factors that may affect this interval. How-
ever, to understand fully the evolutionary implications of laying intervals,

equally detailed data are required not only for other populations of Lesser

Snow Geese, but for other species of waterfowl and for wild birds in

general. When such information becomes available, it may lend further

insight into the evolutionary processes that have shaped laying times and
intervals in birds.
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EGGS, NESTS, AND NESTING BEHAVIOR OF
AKIAPOLAAU (DREPANIDINAE)

Paul C. Banko' and Julia Williams^

Abstract.—We describe the fifth verified nest and first verified egg of the Akiapolaau
[Hemignathus munroi), an endangered Hawaiian honeycreeper. We dispute the validity of

Bryan’s (1905a) description of three eggs and two nests of the Akiapolaau. Eggs that he

attributed to this species were much smaller than ours, and his nest descriptions did not

match the only nest apparently belonging to the Akiapolaau in the B. P. Bishop Museum
in Honolulu, where Bryan worked. Twigs and bark were distinctively combined in the nest

that we examined. We compare eggs and nests ofthe Akiapolaau with those ofother Hawaiian

honeycreepers. Received 18 Sept. 1992, accepted 11 Feb. 1993.

Eggs of 16 species and subspecies of extant, endemic Hawaiian pas-

serines, including the Akiapolaau {Hemignathus munroi), have yet to be

described (Scott et al. 1980, Sakai and Johanos 1983). We report here on
the first positively identified egg and fifth known active nest of the Ak-
iapolaau, an endangered drepanidine (Hawaiian honeycreeper) inhabiting

dry to wet forests on the Island of Hawaii. Bryan (1905a) attributed three

eggs from two nests collected by C. E. Blacow to Akiapolaau, but Sakai

and Ralph (1980), Scott et al. (1980), and Berger (1981) discounted the

validity of this record. Based on our observations, we also discount Bryan’s

record. Because little is known about Akiapolaau breeding biology, we
report here our limited observations of nesting behavior in some detail.

Our goal in doing so is to help biologists recognize other Akiapolaau nests

and to stimulate more research on the ecology of this rare species.

STUDY AREA AND METHODS

The nest was discovered near Puu Kipu (19°33'N, 155°20'W; 1750 m elevation) on the

eastern flank of Mauna Loa in a mesic koa [Acacia koa)-o\n2L [Metrosideros polymorpha)

forest with a 1 5-m-taIl canopy. This locality is within the range of the windward population

of Akiapolaau (900 ± 200 birds [95% Cl]), constituting the majority of the 1500 ± 400

Akiapolaau estimated for the island (Scott et al. 1986).

Including the date of discovery, we visited the nest on 2, 7, 13, 15, 21, and 23 Januaiy

1987. We monitored activity at the nest with binoculars from a distance of about 20 m
during each visit. A blind was not used, but observers concealed themselves behind vege-

tation. The egg was discovered when the nest tree was first found and climbed. Subsequent

egg monitoring was accomplished with a pole-mounted mirror from an adjacent tree. We

' Wildlife Science Group, College of Forest Resources AR-IO, Univ. of Washington, Seattle, Washington

98195 (Present address; U.S. Fish and Wildlife Service, Patuxent Wildlife Research Center, Laurel,

Maryland 20708; send reprint requests to U.S. Fish and Wildlife Service, Hawaii Research Group, P.O.

Box 44, Hawaii National Park, Hawaii 96718).

- U.S. Fish and Wildlife Service, Patuxent Wildlife Research Center, Laurel, Maryland 20708 (Present

address: P.O. Box 1005, Mountain View, Hawaii 96771).

427
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checked the nest contents only when the female was voluntarily off the nest. After we

determined that the egg was abandoned, we collected the nest and egg. We calculated an

index of egg shape (S) from egg length and breadth (see Romanoff and Romanoff 1 949; S

= (B - L) 100).

RESULTS

J. Jacobi and L. Katahira discovered the nest on 2 January 1987. On
7 January (09:30-12:30 h HST), the female incubated for over an hour

before recessing for 27 min. She then incubated for 45 min before de-

parting for 18 min. Her departures and returns were by similar routes.

As the female entered the nest, a male Akiapolaau, presumably her mate,

called and sang from a perch about 30 m away. During the female’s second

absence, we observed the egg in the nest.

The weather was stormy 10-12 January and delayed our next visit until

13 January (1 1:10-12:30 h). The nest was unattended by the pair during

1.5 h of continuous monitoring on 13 January, but we observed a female

silently foraging in a naio (Myoporum sandwicense) tree about 1 2 m from

the nest. Before leaving the area, we briefly observed a foraging male

about 90 m from the nest.

We resumed nest observation on 15 January (10:30-12:30 h) and found

the egg intact but did not observe the female at the nest. When we failed

to detect an Akiapolaau on 21 January (10:00-12:50 h), we concluded

the nest was abandoned. We collected the nest and egg on 23 January.

The nest was placed in the junction of several small branches on a

nearly vertical limb 7 m above ground in a 10 m ohia with an 8 cm
diameter at breast height (dbh). Nest shape was somewhat irregular, con-

forming to the asymmetrical configuration of its location. The open, sta-

tant cup was circular and measured 6. 5-7.0 cm in diameter at the inner

edge and 4.5 cm deep with average rim thickness of 2.25 cm (10 mea-

surements). Outside diameter of the nest was 11 cm x 14 cm at the

broadest perpendicular points, and the entire structure was 1 5 cm tall.

The nest cup had a woven lining of fern rootlets and ohia stamens. The

body consisted primarily of closely interwoven ohia twigs interspersed

with tree fern {Cibotium glaucum) secondary rachises, pulu (long, silky

scales at the base of the fronds), and rhizomes from the trunk. A few

leaves of ohia and a native sedge {Uncinia uncinata) and a frond of

Elaphoglossum sp. were also in the upper third of the nest body. An
unusual feature of construction was ohia bark strips incorporated into the

body of the nest. These bark strips were spaced irregularly around the

nest cup, their interior surfaces facing the center of the nest. Each bark

strip was approximately 2 cm wide and extended vertically about 5 cm
beyond the rim of the cup.
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Material on the nest bottom appeared older and contrasted with the

fresh pulu (golden and shiny) on the top, suggesting that either the nest

was built on top of an older nest or that scavenged material from an older

nest was used during the early phase of construction. We deposited the

nest, including supporting branches, in the B. P. Bishop Museum, Ho-
nolulu (BPBM Specimen #1987.026).

The egg was 2.27 cm in length, 1.70 cm in maximum breadth, and

subelliptical (Palmer 1962) with shape index of 74.9. Shell color (Palmer

1962) was pale cream with irregular light to medium brownish-red

splotches, mainly located toward the broad end of the egg.

When collected on 23 January (21 days after nest discovery), the intact

egg weighed 2.9 g. The egg was infertile (R. C. Fleischer, pers. comm.).

We deposited the shell in the B. P. Bishop Museum (BPBM Specimen

#1987.026).

DISCUSSION

The egg of the Akiapolaau is intermediate in size and shape among
drepanidines (Table 1), and its colors and markings are little different

from Common Amakihi {Hemignathus virens) and Palila {Loxioides bail-

leui). We were unable to locate Blacow’s specimens or accession records

of two nests and three eggs at Bishop Museum, where Bryan (1905a)

described them. At Bishop Museum, however, we located an uncataloged

nest attributed to Akiapolaau that was collected on 6 May 1904, probably

by Blacow. This specimen did not resemble Bryan’s published description

of nest materials, composition, dimensions, or collection date (27 June

1904). Discrepancies between this undocumented specimen and Bryan’s

description of Blacow’s two nests suggests miscommunication and con-

fusion between the collector and describer. In fact, Bryan referred to earlier

confusion about the identity of the nests and eggs he described by stating

that Blacow originally told him that they belonged to the Palila.

We also agree with Berger’s (1981) reasons for doubting the validity of

Bryan’s (1905a) descriptions of Akiapolaau eggs and nests. Blacow did

not observe Akiapolaau building the nests, incubating the eggs, or feeding

nestlings, and these activities are the most reliable indicators of nest

identity (Eddinger 1970). He did see an Akiapolaau perched on the rim

of the nest that contained one egg, but this is not sufficiently convincing

evidence ofownership. At least some drepanidines scavenge material from

old or inactive nests of the same or different species and forage in trees

with active nests (Eddinger 1970; Sakai 1983; U.S.F.W.S., unpubl. data;

pers. obs.).

Blacow also implied that he never saw a bird at the second nest which

contained two eggs; he attributed the nest to Akiapolaau because the eggs
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Table 1

Average Dimensions (cm), Volume (cmO, and Shape of Drepanidine Eggs

Species n Length Breadth Volume"
Shape
index" Source’

Laysan Finch {Telespyza cantans) 568 2.21 1.65 3.05’' 74.7 a

Nihoa Finch {Telespyza ultima) 2 2.13 1.58 2.70 74.2 b

Palila {Loxioides bailleui) 8 2.50 1.68 3.58 67.2’’ c

Common Amakihi {Hemignathus 90 1.90 1.39 1.86 73.2*' d

Virens virens) 3 1.85 1.42 1.89 76.8 e

Kauai Amakihi (//. v. stejnegeri) 16 2.41 1.88 4.32 78.0 f

Anianiau (//. parvus) 21 2.21 1.80 3.63 81.4 f

Akiapolaau (//. munroi) 1 2.27 1.70 3.33 74.9 g

(putative Akiapolaau) 3 1.91 1.38 1.84 72.3 h

Kauai Creeper (Oreomystis bairdi) 1 2.33 1.83 2.16 78.5 i

Hawaii Creeper {O. mana) 2 1.96 1.44 2.06 73.5 j

Oahu Creeper {Parereomyza 2 2.01 1.50 2.29 74.6 k

maculata)

Kauai Akepa {Loxops coccineus 2 1.66 1.32 1.47 79.5 1

caeruleirostris)

liwi {Vestiaria coccinea coccinea) 10 2.07 1.55 2.52 74.9 f

Apapane {Himatione sanguinea 16 2.41 1.84 4.14 76.3 f

sanguinea)

“ Volume (cm’) = 0.507 (length) (breadth)’; Hoyt (1979).

Shape index = (breadth length) 100; Romanoff and Romanoff (1949).

‘ a = Morin ( 1 992a); b = Berger ( 1 98 1 ); c = van Riper ( 1 980); d = van Riper ( 1 987); e = Bryan ( 1 905b); f = Eddinger

(1970); g = this study; h = Bryan (1905c); i = Eddinger (1972b); j
= Sakai and Johanos (1983); k = Bryan (1905a); 1

=

Eddinger (1972a).

Reported value was 3.07 (Morin 1992b) which is <0.7% greater than our calculated value.

Reported value was 67.1 (van Riper 1980) which is <0.2% less than our value calculated from average length and
width.

' Reported value was 68.1 (van Riper 1987) which is 7% less than our value calculated from average length and width.

seemed similar to the egg in the first nest (Bryan 1905a). However, de-

finitive speeies-speeific colors, markings, and shapes of drepanidine eggs

have not yet been identified, so it is not surprising that Blacow thought

the eggs in both nests seemed similar. Furthermore, the three eggs Blacow

collected differed in volume (after Hoyt 1979) by only 8% and thus would

have seemed similar in size.

What, then, does size reveal about the identity of the eggs collected by

Blacow? The eggs he collected were only 55% of the volume of the Ak-

iapolaau egg that we collected (1.84 cm^ vs 3.33 cm^; t = 15.33
,
P <

0.001; test comparing single observation with mean of a sample, Sokal

and Rohlf 1981:231). Such large intraspecific egg size variation seems

unlikely in only a four-egg sample and raises doubt that Blacow’s eggs

were produced by Akiapolaau. Although Blacow collected the eggs in dry

mamane (Sophora chrysophylla)-nsLio {Myoporum sandwicense) forest at
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Table 2

Average Dimensions (cm) of Drepanidine Nests

Species N Height

Nest

Diameter

Cup

Diameter Depth
Rim

thickness Source-

Laysan Finch 44 6.9 15.8 7.1 3.8 a

Palila 26 7.7 14.7 7.4 3.9 1. 5-6.9 b

Common Amakihi 52 5.7 1 1.2 5.1 2.6 2.82 c

Kauai Amakihi 25 6.3 1 1.3 6.3 3.8 2.54 d

Anianiau 33 7.5 8.8 5.1 3.3 2.54 d

Akiapolaau 1 15.0 12.5 6.8 4.5 2.25 e

(putative Akiapolaau) 1 6.5 12.7 4.4 3.8 — f

(uncataloged Akiapolaau) 1 9.5 1 1.6 6.5 3.3 — g
liwi 22 7.3 9.4 5.3 3.7 2.55 d

Apapane 53 10.0 9.4 5.1 3.8 2.54 d

’ a = Morin ( 1 992a); b = van Riper ( 1 980); c = Kem and van Riper ( 1 984); d = Eddinger ( 1 970); e = this study, verified

nest; f = Bryan (1905a); g = this study, uncataloged nest at Bishop Museum.

high elevation (2286 m) on Mauna Kea (Bryan 1905a) and we collected

ours from mesic ohia-koa forest at lower elevation (1750 m) on Mauna
Loa, we doubt that habitat effects would account for so large a difference

in egg volume. Ojanen (1983), for instance, concluded that habitat exerts

only a minor influence on intraspecific egg size variation. Furthermore,

geographical variation in Akiapolaau body size seems insufficient to ac-

count for so great a difference in egg size (T. K. Pratt, pers. comm.). In

fact, the eggs described by Bryan (1905a) and eggs of Common Amakihi

are most similar in volume (Table 1). We conclude, therefore, that Bryan

probably described the eggs of Common Amakihi, the most common
species on Mauna Kea, rather than Akiapolaau.

Dimensions of other Akiapolaau nests have not been measured, but

ours was generally in the range of other drepanidine nests (Eddinger 1970;

van Riper 1980, 1987; Kern and van Riper 1984; Table 2). However,

four of our five measurements were larger than other species’ nests except

the Palila’s. Our nest was particularly tall, suggesting that an older nest

was used as a foundation. Apapane (van Riper 1 973a), Common Amakihi

(van Riper 1976), and Palila (U.S.F.W.S., unpubl. data; pers. obs.) oc-

casionally build nests on top of old ones, thus resulting in structures that

are taller than normal. The presence of old material in the base and newer

material toward the top of our nest also suggests the use of an older nest,

either intact as a foundation or as a source of scavenged material during

nest construction. Eddinger (1970) observed that other drepanidines scav-

enge material from old nests and steal from active nests and that at least
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some birds reoccupy the same tree during different years, but build new
nests each time.

The prominence of ohia bark in our nest suggests that this may be a

characteristic feature ofAkiapolaau nests in mesic koa-ohia forests. Sakai

and Ralph (1980) remarked that a large quantity of ohia bark distin-

guished their Akiapolaau nest from all other Hawaiian bird nests. Whether
bark was used in two other nests located by Ralph et al. is not known,

because they could not climb to the nests and examine them closely (C.

J. Ralph, pers. comm.). Bark was not reported in the partially completed

nest described by van Riper (1973b).

By his description, Blacow’s two putative Akiapolaau nests from Mauna
Kea (Bryan 1905a) differ from the five verified nests and from Blacow’s

uncataloged, undescribed nest in Bishop Museum. Bryan reported that

Blacow’s nests were composed of mamane leaves and petioles and were

thickly lined with lichen. In contrast, the body of the uncataloged nest

was constructed of Chamaesyce sp. twigs with possibly some mamane
twigs in the base, and the cup was lined with lichen and grass; at least

two long hairs, probably from a horse, were in the cup lining and the nest

body (J. D. Jacobi, pers. comm.). Twigs, and sometimes bark, comprised

the bulk of the verified nests. Ours is the only nest retrieved of the five

verified nests, and its cup was not lined with lichen, even though that

material was available in the habitat. The composition of the two nests

described by Bryan (1905a) is most similar to Common Amakihi nests

as constructed on Mauna Kea (Kem and van Riper 1984; U.S.F.W.S.,

unpubl. data; pers. obs.). In addition, both nests were smaller than our

Akiapolaau nest (Table 2) and more closely resembled the dimensions of

Common Amakihi nests. The uncataloged nest more closely resembled

our nest in size. However, not having a verified Akiapolaau nest from

the dry mamane-naio forest of Mauna Kea for comparison, we do not

know how nest construction of Akiapolaau differs from that ofCommon
Amakihi in this habitat.

Although nesting apparently occurs primarily between January and

June (C. J. Ralph, pers. comm.), Akiapolaau may breed throughout much
of the year, as indicated by the range of dates when active nests have been

discovered: January (van Riper 1973b, this study), February (C. J. Ralph,

pers. comm.), July (C. J. Ralph, pers. comm.), and October (Sakai and

Ralph 1 980). Ralph (pers. comm.) found females with active brood patch-

es, indicating nest building or incubation from January through August.

Lengthy breeding seasons are characteristic ofmany drepanidines (Berger

1981).

Modal clutch sizes for drepanidines are two or three eggs (Berger 1981).

We do not know whether the single egg in our Akiapolaau nest represents

an incomplete clutch or if single-egg clutches are typical for the species.
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Table 3

Characteristics of Akiapolaau Nest Sites and Nests

Tree

Tree
height

(m)

Tree
dbh--

(cm)
Forest

stratum

Nest
height

(m)

Op)en
statant

cup"
Nest

placement Source'

Ohia >20 — canopy >12 yes lateral fork a

Ohia 18 — canopy 17 yes small branches b

Koa 20 — canopy 19.5 yes small branches c

Ohia 20 — sub-canopy 1 1 yes cavity‘* c

Ohia 10 8 sub-canopy 7 yes small branches d

Putative nest;

Mamane — — canopy 2.7 yes outside branches e

•' dbh = diameter at breast height.
*’ Open statant cup: cupped nests which are supported underneath, have rim standing firmly upright and not arched over

the top (Pettingill 1970).

' a = van Rip)er (1973b), J. Jacobi (pers. comm.); b = Sakai and Ralph (1980); c = C. J. Ralph (p)ers. comm.); d = this

study; e = Bryan (1905a).

Cavity was formed when a large limb split from the trunk.

However, Edciinger (1970) found single-egg clutches among Kaua’i Ama-
kihi, Apapane, and liwi, as did van Riper (1980, 1987) among Palila and

Common Amakihi. Furthermore, Akiapolaau rarely fledge more than a

single young per nest attempt (C. J. Ralph, pers. comm.), although Jacobi

(1974) reported two fledglings on two occasions in late 1972.

The few observed nests suggest that only the female Akiapolaau in-

cubates. This is typical of other drepanidines (Eddinger 1970), although

van Riper ( 1 980) reported a male Palila that occupied the nest and possibly

incubated for nearly four hours after the first egg of the clutch had been

laid.

Observations at this and four other verified nests indicate that Akia-

polaau do not require specialized nesting sites, such as tree cavities or

particular size classes of trees (Table 3). The extensive use of bark in the

construction of the nest is distinctive among drepanidines examined so

far but is unlikely to limit nesting activity in the population.

Observers particularly should avoid disturbing birds during nest con-

struction, because two of the five verified Akiapolaau nests were aban-

doned during later stages of construction (van Riper 1973b, Sakai and

Ralph 1 980). As a precaution, we recommend that workers conceal them-

selves in blinds when observing nests of this and other Hawaiian species.
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CHANGING NEST PLACEMENT OF
HAWAIIAN COMMON AMAKIHI
DURING THE BREEDING CYCLE

Charles van Riper III,' M. D. Kern,^ and M. K. Sooge^

Abstract.—We studied the nesting behavior of the Common Amakihi {Hemignathus

virens) from 1970-1981 on the island of Hawaii to determine if the species alters nest

placement over a protracted 9-month breeding season. Birds preferentially chose the south-

west quadrant of trees in which to build nests during all phases of the breeding season. It

appeared that ambient temperature (Ta) was a contributing factor to differential nest place-

ment between early and late phases of the annual breeding cycle. When Ta is low during

the early (December-March) breeding period. Common Amakihi selected exposed nesting

locations that benefitted them with maximum solar insolation. However, in the later phase

of the breeding period (April-July) when Ta was much higher, renesting birds selected nest

sites deeper in the canopy in significantly taller trees. This is one of the few documented

examples in which a species changes location of nest during a breeding season, thus allowing

exploitation of temporally differing microclimatic conditions. Received 24 Aug. 1992, ac-

cepted 21 Jan. 1993.

The Common Amakihi {Hemignathus virens) is a small (ca 12-15 g)

passerine of the endemic Hawaiian Drepanidinae. It presently occurs on

five of the six major Hawaiian islands and is the second most abundant

native land bird in the archipelago (Scott et al. 1986). We studied the

species between 1600 and 2600 m elevation on the southwestern slope

of Mauna Kea volcano, on the island of Hawaii (Fig. 1). This forest is

one of the highest nesting locations of the Common Amakihi in Hawaii

(Berger 1981).

Baldwin (1953), Berger (1969), Kern and van Riper (1984), and van

Riper (1976, 1977, 1984, 1987) have documented aspects of Common
Amakihi breeding behavior on Hawaii, while Eddinger (1970) did the

same on Kauai. The species nests from near sea level to tree line which,

on the larger islands, spans 3000 m elevation. Although most nesting

occurs from March through May, active nests have been found from

November through August. A typical breeding season begins in December,

with first nests active until March; a second breeding phase begins in April

and usually lasts through July. The birds are monogamous and retain the

same mate for successive breeding seasons. Nests are statant, and during

' National Park Service Cooperative Parks Studies Unit, and Dept, of Biological Sciences, P.O. Box 5614,

Northern Arizona Univ., Flagstaff, Arizona 8601 1.

2 Biology Dept., The College of Wooster, Wooster, Ohio 44691.

^ National Park Service Cooperative Parks Studies Unit, P.O. Box 5614, Northern Arizona Univ., Rag-
staff, Arizona 8601 1.
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Fig. 1. Map of the study area on the southwestern slope of Mauna Kea. Hawaii.

the 9-month breeding cycle, a pair may successfully raise two broods of

young (van Riper 1987).

The study area essentially is a savannah with widely-spaced trees and

intervening areas covered by introduced grasses and a few shrubs. The
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two dominant tree species, mamane {Sophora chrysophylla) and naio

{Myoporum sandwichensis), are evergreens and the principal species that

Common Amakihi use for nesting (van Riper 1987). The climatic con-

ditions of the area are extreme and variable. It is in Mauna Kea’s rain

shadow and, consequently, quite dry (Price 1966). The high elevation also

subjects birds to extremes in temperature. Nocturnal temperatures fre-

quently fall below freezing during the early months ofthe breeding season.

Daytime temperatures are much warmer during the late part ofthe breed-

ing cycle (van Riper 1980). As a result, abiotic factors that influence

breeding are more variable than for species with restricted breeding sea-

sons. Moreover, the many different elevations and habitats in which this

species breeds suggest that it is able to adjust its breeding behavior to

diverse situations.

To determine if Common Amakihi used different nesting locations in

the early (December-March) and late (April-July) phases of the breeding

season and if this change was microclimatically adaptive, we studied a

population on the southwestern slope of Mauna Kea, Hawaii. We hy-

pothesized that the Common Amakihi, because of its small size and

protracted breeding season, would exhibit temporal variations in nest

placement, building early nests in the warmer southern hemisphere of a

tree while later nests would be constructed in the cooler, northern side of

the canopy.

METHODS

From 1970 through 1981 we studied Common Amakihi nesting behavior. Birds were

captured in mist nets and marked with unique combinations of colored plastic leg bands

and a single U.S. Fish and Wildlife Service metal band. During 1970-1975, the following

information was recorded at nest sites: location of the nest within the study area; nest height

(distance from ground to the bottom of the nest); nest-tree height and species; circumference

of nest-tree at breast height (1.4m from the ground); distance from nest to axis of trunk

and distance to end of branch; nest azimuth (with a compass) from center of trunk; and

nest placement within the tree. During the 1974 and 1975 breeding seasons, nests were

located during construction and followed through the fledgling period. We compared success

among these nests on the basis of young fledged vs no young fledged, number of young

fledged per nest, and productivity (number of eggs laid that fledged young), relating these

to each of six nest placement variables.

From 1970 through 1975, temperature extremes were recorded daily at 2230 m elevation

with two unshielded maximum-minimum thermometers, one under a tree canopy and one

in the open. Humidity and temperature measurements were recorded continuously with a

hygrothermograph. Data obtained from the National Weather Service rain gauge located in

our study area were used as a measure of monthly precipitation. Percent cloud cover was

recorded throughout the day in the field, with notations made whenever there was a greater

than 25% (±10%) cloud cover change during the day. Wind direction and speed (using the

Beaufort Scale) were recorded on a daily basis and time noted whenever a one-step change

of the latter occurred. This was supplemented with wind speed and direction data from

Bradford Air Force Base 4 km from the study area.
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Nest placement data from 1970 to 1974 were analyzed to determine the most common
nesting location in mamane. During 1975, in a mamane tree that had been utilized previously

tor nesting. Yellow Spring Instrument Co. shielded thermocouples were placed in lateral

forks and on branches representing typical nest sites on the north and south sides of the

tree. We chose north and south exposures to test potential microclimatic temperature dif-

ferences between sides of the tree that receive minimum and maximum solar radiation.

Temperature was monitored with Rustrak recorders simultaneously on both sides of the

tree for a minimum of three 24-h periods during the early and late periods of the breeding

cycle.

To avoid violating assumptions of independence within a day, we analyzed only data

points recorded every fourth hour (04:00, 08:00, 12:00, 16:00, 20:00, and 24:00 h HST) for

continuously recorded weather and temperature probe data. Weather, nest location param-
eters (except azimuth), and productivity data were analyzed with student’s f-test or ANOVA/
PROC GEM (SAS PC 5.0). Percent cloud cover was arcsine transformed prior to analysis.

Canopy temperature data were compared using paired /-tests. Nest azimuth data were

examined with the Rayleigh test for circular statistics (Batschelet 1981). Statistical signifi-

cance was accepted when P < 0.05.

RESULTS

Nest location. — During this study, 228 nests were measured for at least

one of the six placement variables (Table 1). There was no signihcant

difference in nest azimuth between early (December-March; N = 96 nests)

and late (April-July; N = 107 nests) phases of the breeding season. Nests

were more common in the SW quadrant of both mamane and naio trees

(0 = 210°; r = 0.22
;
P < 0.001), regardless of time in the breeding season

(Fig. 2), with this trend stronger in 1974 than in 1975.

We found virtually no difference between early and late season nest

height, distance of the nest to the tree center, or circumference at breast

height of the nest-tree (Table 1). Only nest-tree height and distance of

nest to end of branch varied significantly between early and late breeding

periods. Therefore, Common Amakihi utilized significantly taller trees

in which to nest late in the breeding season. Since tree size is not signif-

icantly different within an elevation stratum on Mauna Kea (van Riper

1 980), it appears that birds are selecting specific (larger) trees within their

territories in which to renest, thus enabling them to locate their nest farther

in from the end of the branch while still keeping it shaded by the canopy.

Productivity.— Success of various nesting locations was analyzed for

1 1 1 Common Amakihi nests for which complete data were available for

1974 and 1975. We found that during 1974 successful nests were placed

significantly different from random, with directional selection for the SW
quadrant (Rayleigh test; 0 = 275°; r = 0.29; P < 0.05). There were no

other significant productivity differences, between years or within com-

bined years, as a function of the six nest placement variables.

Common Amakihi are long-lived for a small passerine and, as a result,

turnover within a breeding population is quite low (van Riper 1987).
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FREQUENCY OF COMMON AMAKIHI

NEST AZIMUTHS

N = 203

Fig. 2. Locations ofCommon Amakihi nests in nest trees. Length of open bars indicate

number of nests at each azimuth. This figure is based on a sample of 203 nests collected

from 1970 to 1975 on the southwestern slope of Mauna Kea, Hawaii. ^ = mean angle of

sample; r = length of mean vector (angle).
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Table 1

Physical Aspects of Common Amakihi Nest Placement between Early and Late

Breeding Seasons

Variable Early season Late season Significance

Tree height (m) 6.2 ± 1.5 (102) 6.8 ± 1.4 (115) R < 0.01“

Circumference at 62 ± 36 (101) 65 ± 35 (1 14) 0.73“

breast height (cm)

Nest height (m) 4.6 ± 1.1 (101) 4.6 ± 1.2 (127) P = 0.83“

Distance to 2.6 ± 1.4 (97) 2.6 ± 1.6 (1 14) P = 0.90“

center of tree (m)

Distance to end 5.9 ± 5.4 (49) 8.4 ± 5.8 (1 14) P < 0.01“

of branch (cm)

Nest azimuth 193° (96) 217° (107) P. > 0.05^

(degrees) r = 0.18 r= 0.26

= Student’s /-test.

*’ = Rayleigh test.

' Values given are the means ± one SD, with sample sizes in parentheses.

Although we found only 1 3 pairs of first-time breeders during our study,

we attempted to analyze if their nest placement was consistent with those

of the more experienced breeders, and if there were differences in pro-

ductivity of their nesting locations. We found no significant difference in

any aspect of nest placement, clutch size, or productivity between first-

time and older breeders (Table 2).

Climate.—The daily weather pattern on the upper southwestern slope

of Mauna Kea is characterized by clear mornings, with clouds forming

in the early afternoon as the inversion layer breaks down and up slope

movement of warmer air and associated cloud cover occurs. We found

no significant difference in percent monthly cloud cover over the annual

cycle {P > 0.05; Fig. 3). The constant trade winds characteristic of Hawaii

(Price 1966) were not common in the study area because of orographic

constraints imposed by Mauna Kea. Winds were generally from the south-

west, the result of up-slope movement of air due to surface heating. Strong

winds (>6 on the Beaufort Scale; >40 km/h) occurred infrequently. In

1974 only six of 240 days had winds greater than six, and only one of

180 days during 1975 had wind speeds of this magnitude.

Water vapor pressure (mm Hg), calculated from temperature and hu-

midity data, differed significantly between early and late breeding seasons

during our study (Table 3). Water vapor pressure increased significantly

in the later part of the breeding season due to the influence of warmer

daily temperatures.

Annual precipitation at Puu Laau averaged 51.1 ± 18.3 cm from 1932
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Table 2

A Comparison of Returning and First-time Breeding Common Amakihi Nest

Placement and Productivity Variables during 1973-1975 on the Southwestern
Slope of Mauna Kea, Hawaii (see text for Explanation of Variables)

Returning First-time
Variable breeders breeders Significance

Tree height (m) 6.8 ± 1.3 (24) 6.6 ± 0.9 (13) P= 0.58^

Circumference at 64 ± 32 (24) 51 ± 21 (13) P = 0.20“

breast height (cm)

Nest height (m) 4.9 ± 0.9 (24) 5.0 ± 1.0(13) P= 0.85“

Distance to 3.0 ± 1.7 (24) 3.1 ± 1.5 (13) P = 0.85“

center of tree (m)

Distance to end 10.2 ± 7.2 (24) 6.6 ± 5.8 (12) P = 0.14“

of branch (cm)

Nest azimuth 215° (24) 86° (13) P > 0.90*^

(degrees) r- 0.12 r = 0.20

Clutch size 2.3 ± 0.6 (20) 2.3 ± 0.5 (7) P = 0.95“

Productivity 6.3 ± 3.0(18) 5.8 ± 4.0(8) P = 0.75“

" = Student’s t-test.

= Rayleigh test.

‘ Values given are the means ± one SD, with sample sizes in parentheses. Nest azimuth is expressed as the mean angle

(vector) of the sample, relative to the center of the tree.

EARLY BREEDING lATE BREEDING

SEASON SEASON

Fig. 3. Cloud cover patterns during the 1973-1975 Common Amakihi breeding seasons

at 2130 m elevation on the southwestern slope of Mauna Kea, Hawaii. Vertical lines are ±
one SD.
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Table 3

Relative Humidity, Average Temperatures, Water Vapor Pressure (mm Hg), and
Rainfall Recorded during 1973-1975 at 2130 M Elevation on the Southwestern

Slope of Mauna Kea, Hawaii

Variable' December-March April-July Significance

Relative humidity (%) 73 ± 16 (60) 59 ± 16 (89) R < 0.0001

Temperature (°C)

Mornings 11.0 ± 3.6 (60) 13.0 ± 2.7 (90) P < 0.005

Daily 9.1 ± 2.5 (60) 10.4 ± 2.2 (90) P < 0.002

Ambient vapor pressure (mm Hg) 6.5 ± 1.2 (58) 9.6 ± 1.8 (89) P < 0.0001

Rainfall (cm) 4.6 ± 4.2 (12) 2.2 ± 2.4 (12) P > 0.05

" Numbers are means ± one SD with sample sizes in parentheses. Comparisons were made using Student’s /-test.

through 1972, with monthly rainfall during the early Common Amakihi
breeding period (December-March) averaging 5.9 ± 4.4 cm and the late

breeding period (April-July) averaging 4.0 ± 4.2 cm (van Riper 1980).

The years of 1 973-1 975 experienced typical rainfall, with only three months

falling outside expected precipitation ranges, although the late breeding

period was somewhat drier than the prior 40 year average (Table 3).

Because of the high elevation, day and night temperatures fluctuated

over a 20°C range. Although mean nighttime temperature did not differ

significantly between early and late breeding season {t = —0.97; P = 0.33),

mean daytime temperatures were significantly higher during the latter half

of the breeding season (/
= —3.62; P < 0.01; Table 3). Temperature

extremes from max-min thermometers placed inside and outside the can-

opy revealed that temperatures outside fluctuated more than inside the

canopy (Fig. 4). There was a significant difference between high temper-

atures (/-test; P < 0.05) but not low temperatures. However, a nocturnal

canopy buffering effect was evident in that low temperatures were slightly

warmer throughout the night inside the canopy. Rustrak temperature

recorder data from “typical” nest sites showed that during the early nesting

period (temperatures recorded 18-21 February), there was no significant

difference in temperature between the north and south lateral forks. How-

ever, during the later breeding period (temperatures recorded 10-12 April),

the south side lateral forks were significantly warmer (/
= —19.8; P <

0 .01 ).

DISCUSSION

Throughout evolutionary time, nest site selection has been important

in maximizing productivity (Ricklefs 1969). For example, nest placement
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peratures were recorded on unshielded high-low thermometers from 1973 to 1975 at 2130

m elevation on the southwestern slope of Mauna Kea, Hawaii. Vertical lines are ± one SD.

potentially affects the number of young fledged and, therefore, ultimately

fitness through differential exposure to predators and to abiotic factors

such as wind, rain, temperature, and humidity. Many details of the in-

terplay between these factors and resulting behavioral responses of nest

placement are still not well understood.

Several studies have shown that birds which construct statant nests

alter their nest placement throughout the breeding season (Nice 1937,

Horvath 1964, Taylor 1965, Holcomb and Twiest 1968, Holcomb 1969).

However, except for hummingbirds, seasonal alterations of nest location

have been attributed to factors such as changes in available nesting sub-

strates or an attempt to avoid predation, rather than selection for changed

microclimatic conditions.

Horvath (1964) listed three ways in which nesting birds can respond

behaviorally to climatic extremes: (1) select appropriate microclimates in

which to nest; (2) adapt the nest structure to prevailing climatic factors;

and, (3) use behaviors such as brooding and sun shading to protect eggs

and/or chicks during microclimatic emergencies. In regard to Horvath’s

suggestions, (2) and (3) have been documented in the Common Amakihi.

Kem and van Riper (1984) showed that this species tailors its nest struc-

ture commensurate with prevailing climatic conditions in different hab-

itats on the Hawaiian islands. Van Riper (1987) recorded behaviors such
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as sun shading and brooding that are exhibited during brief microclimatic

extremes. The one behavioral adaptation remaining to be examined is

the possibility that Common Amakihi select differing microclimates in

which to build nests.

If microclimate is of importance in Common Amakihi nest site selec-

tion, it would be expected that nests established during early breeding

would be differently located in comparison to those built later in the

nesting cycle when climatic factors differ. Our initial hypothesis was that

birds would place their early nests in the southern hemisphere, while later

nests would be located in the northern hemisphere of the tree. This was
not the case. Instead, birds preferentially placed their nests toward the

SW quadrant of the nest tree throughout the breeding season, but placed

later nests farther into the canopy during the later (and warmer) part of

the breeding period.

The overall preferential placement ofnests in the southwestern quadrant

of the nest tree throughout the entire breeding period may have been due

to a number of environmental factors such as exposure to rainfall, pre-

vailing winds, cloud cover, or the need for solar heat for metabolic main-

tenance and incubation.

Rainfall would not appear to influence greatly nest-site selection because

it should affect all sides of the tree equally. Moreover, during 1973-1975

rainfall was consistent with the general precipitation pattern over the

previous 40 years. Wind direction may be important, but because the

study area is located in the mountain lee, potentially damaging winds

occur at infrequent and irregular intervals. There was no significant dif-

ference in cloud cover over the annual cycle (Fig. 3); therefore, early and

late breeding season nest placement would be influenced in a like manner

by this abiotic factor. However, the cooling effect of cloud cover may
have influenced nest location throughout the year by favoring placement

in the warmer SW quadrant of the nest tree.

It does appear that heat absorption and retention play a major role in

determining the location of Common Amakihi nests during the early

breeding season. The metabolic saving to a female which nests in a part

of the tree having a slightly warmer temperature may be considerable

when ambient temperature (Ta) is low, which is the case during the early

breeding period (see Table 3). Our nest site probe data showed that tem-

peratures were warmer on the southern tree exposure.

Heat avoidance appears to be important during the day in the second

half of the breeding season, because Common Amakihi locate nests in a

more sheltered location within the nest tree. MacMillen (1974) found that

Common Amakihi do not tolerate high Ta and are unable to control

body temperature (Tb) below lethal levels even at only moderately high
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Ta. This is undoubtedly accentuated for young that are not able to ther-

moregulate until day eight of the nestling period. Van Riper (1987) also

found that, in those few nests that were exposed to direct sunlight, ex-

tensive sun shading by the female occurred during the warmer portions

of the day. Therefore, warming of nests, particularly in the morning, may
be important for nesting success early in the breeding period, whereas

nest cooling during the heat of the day may be important later in the

breeding season.

Numerous reports document cases in which birds place their nests at

specific locations to take advantage of factors such as solar radiation,

wind, and rain (e.g.. Rich 1980, Zerba and Morton 1983, Collias and

Collias 1984, Kern and van Riper 1984, Bekoff et al. 1987). But our study

of Common Amakihi is one of only a few studies (e.g., Horvath 1964,

Walsberg 1977) in which a species actually alters location of its nesting

during the breeding season. The situation is similar to that of Cactus

Wrens {Campylorhynchus brunneicapillus, Ricklefs and Hainsworth 1 969)

and Verdins {Auriparus flaviceps, Austin 1976) which do not move the

nest, but change the location of the nest entrance between early and late

phases of the breeding season.

We believe that the major contributing factor in determining Common
Amakihi nest placement on Mauna Kea appears to be the influence of

ambient temperature. Low Tas during the early breeding season have

selected for nesting locations on the most exposed branches in the southern

portion of the nest tree so that the nest benefits from maximum solar

insolation. However, later in the breeding season when Tas are much
higher, renesting birds select significantly taller trees that have suitable

nesting sites farther into the canopy and that offer more microclimatically

suitable nesting locations.
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FLEDGING SUCCESS IN EXPERIMENTALLY
MANIPULATED BROODS OF HOUSE WRENS

Todd W. Arnold*

Abstract.— I manipulaled brood size in a population of box-nesting House Wrens {Trog-

lodytes aedon) to determine if fledging success was limited by the ability of parents to

provision nestlings. Enlarged broods produced significantly more fledged young than did

control or reduced broods, but fledglings from enlarged broods weighed 6-7% less than

fledglings from other broods. Fledging success was unrelated to original clutch size, but

parents that laid large clutches fledged heavier offspring. These results do not support the

brood-provisioning hypothesis. Brood size in House Wrens may be limited by post-fledging

survival or interseasonal costs of reproduction, but I was unable to assess these factors in

this study. Received 28 Sept. 1992, accepted 3 March 1993.

Lack (1947) hypothesized that clutch size in altricial birds evolved in

relation to the ability of parents to provide food for nestlings; however,

most studies of fledging success in relation to brood size have shown that

experimentally-enlarged broods fledge the most young (Lessells 1986).

This has led to several important modifications of Lack’s hypothesis. If

fledglings from large broods leave the nest in poorer condition, then any

apparent advantage of large brood size may disappear due to higher mor-

tality of postfledglings (Magrath 1991). Likewise, parents that attempt to

raise large broods may have lower future survival and/or reproductive

success (Nur 1988). Finally, Lack (1947) suggested that the average clutch

size for the population represented a single optimum for all individuals,

but among-individual variation in clutch size might reflect differences in

individual or territory quality (the individual-optimization hypothesis;

Nur 1987).

In order to test these various hypotheses, it is essential to manipulate

brood size to remove any potentially confounding relationships between

individual quality and clutch size (Lessells 1986). In this study, I manip-

ulated broods ofHouse Wrens {Troglodytes aedon) to determine if nestling

survival and fledgling mass were affected by brood size. I also examined

nestling survival and fledgling mass of manipulated broods in relation to

the original unmanipulated clutch size to determine whether females that

laid large clutches were more capable of raising large broods.

' Dept, of Biology, Univ. ofSaskatchewan, Saskatoon, Saskatchewan S7N OWO, Canada. Present address;

Institute for Wetland and Waterfowl Research, Ducks Unlimited Canada, Stonewall P.O. Box 1160, Oak
Hammock Marsh, Manitoba ROC 2Z0, Canada.
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METHODS

The study was conducted on a 31 -ha plot 22 km north of Saskatoon, Saskatchewan

(52°07'N, 106°38'W). The study area consisted of similar portions of young aspen (Fopulus

tremuloides) forest, native grassland, cultivated held, and farmyard. I placed 54 wren boxes

in wooded areas on 15 May 1992 and an additional 28 bluebird boxes in open areas during

early April. Nest boxes were 18 cm high with floor areas of 15 x 15 cm. Entrance holes in

wren boxes were 2.9 cm in diameter and included two lateral slots to facilitate stick transport

by wrens (Kennedy and White 1992). Entrance holes were 3.8 cm in diameter on bluebird

boxes. Wrens initiated clutches in all 54 wren boxes and in five of the bluebird boxes.

Nest boxes were visited every five to seven days throughout nest-building, egg-laying, and

incubation. Initiation dates ofclutches found during egg-laying were estimated by backdating,

assuming one egg was laid per day. Nests were paired according to hatching dates and were

then randomly assigned to one of hve brood-size treatments: +4 enlargements, +2 enlarge-

ments, ±0 controls, —2 reductions, and —4 reductions. Nestling transfers took place when
nestlings were 0-4 days old and were accomplished in < 10 min; transferred nestlings were

of similar age and size. I did not replace unhatched eggs or nestlings that died. When nestlings

were 10-14 days old, I banded them with Canadian Wildlife Service aluminum leg bands,

weighed them with a Pesola spring balance (±0.1 g), and measured their unflattened wing

chord using a steel wing rule (±0.5 mm). Five broods fledged before measurements were

taken. Nestlings present in the nest box at banding were assumed to fledge unless they were

found dead during a later visit (Robinson and Rotenberry 1991). Adult females were captured

and banded at 21 nests.

There was no evidence of conspecific brood parasitism or double brooding: laying rates

did not exceed one egg per day, and no new nests were initiated after previous nests had

fledged. Most manipulated broods (36/41) were tended by two adults; the remaining five

broods may also have been tended by two adults, but only one adult was observed.

I compared reproductive success among treatment groups using one-way ANOVAs. If an

overall ANOVA was significant, I used least significant difference tests to identify treatment

groups that differed significantly. For analyses of nestling mass and wing chord, I included

nestling age as a possible covariate (i.e., ANCOVA). To test the individual-optimization

hypothesis, I analyzed data on fledging success, fledgling mass, and wing chord in relation

to manipulated brood size and original clutch size. Because reproductive success declines

seasonally in House Wrens (Finke et al. 1987), I also replicated each analysis using nest

initiation date as a potential covariate.

RESULTS

Broods were manipulated at 41 of 59 nests; 13 nests were abandoned

or destroyed before hatching, and the remaining five nests hatched too

late in the season to be included in the experiment (i.e., they could not

be matched with a synchronously hatching brood for nestling transfers).

There were no differences among treatment groups in timing of breeding,

clutch size, or original brood size (Table 1). After nestling transfers were

completed, manipulated brood size differed significantly among all groups

except the —4 and —2 treatments (Table 1). These differences in brood

size were maintained throughout the brood-rearing period, such that en-

larged broods fledged more offspring and reduced broods fledged fewer

offspring than did controls (Table 1). However, these differences in fledg-
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ling numbers were partially oH'sel by din'erences in fledgling mass: fledg-

lings in +4 broods were 6-8% lighter than fledglings in reduced and control

broods, and fledglings in +2 broods were 7% lighter than fledglings in

— 4 broods (Table 1). Wing chord was unaffected (Table 1).

Number of chicks fledging was strongly correlated with manipulated

brood size (Fig. 1; r = 0.93, F = 249.4, P = 0.0001), but initial clutch

size did not explain any additional variance in the data {F = 0.08, P =

0.77). Fledgling mass was negatively affected by manipulated brood size

{F = 6.68, P = 0.01) and positively affected by initial clutch size {F =

6.74, P = 0.01); fledgling mass declined an average of 0.09 g for each

additional chick in the brood (Fig. 1), but it increased by 0.23 g for each

additional egg in the female’s clutch. Nestling age had only a minor in-

fluence on body mass {F = 3.30, P = 0.08); thus, most nestlings had

reached asymptotic body mass by age 10 days (see also Finke et al. 1987).

Wing chord was not affected by manipulated brood size or original clutch

size {P > 0.20), but did increase with nestling age {F = 22.79, P = 0.000 1 ).

Although clutch size declined with laying date (CS = 8.2-0.10- DATE,
F = 0.36, F = 29.50, P = 0.0001, N = 46; DATE 1 = 1 June), no other

measures of reproductive success were influenced by date {P > 0.20), nor

were any of the preceding analyses altered by the inclusion of laying date

as a potential covariate.

DISCUSSION

House Wrens were fully capable of raising enlarged broods to fledging

age. Although there was some suggestion of higher nestling mortality in

enlarged broods (especially in the +4 group), this trend was not significant.

One enlarged brood of 12 ( + 4 manipulation) was severely infested by

botfly larvae and fledged only six offspring; this single brood contributed

half of the nestling mortalities in the +4 treatment group (all other mor-

talities involved 1 or 2 nestlings per brood). Even if the +4 broods did

average one more nestling death than the control broods, they nevertheless

raised three additional young. Similar results have been obtained in three

other studies of fledging success in manipulated broods of House Wrens

(Finke et al. 1987, Robinson and Rotenberry 1991, Harper et al. 1992).

Although enlarged broods fledged more young, they weighed about 6%
less than control fledglings and about 7% less than fledglings from reduced

broods. Robinson and Rotenberry (1991) also reported lighter fledgling

masses in experimentally-enlarged broods of House Wrens, although Finke

et al. (1987) did not. Harper et al. ( 1 992) observed lower fledgling masses

during one of four seasons. Postfledging survival has been positively cor-

related with fledgling mass in several species of birds (see Magrath 1991),

which suggests that a lower proportion of fledglings from enlarged broods
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Fig. 1. Fledging success and fledgling mass in experimentally manipulated broods of

House Wrens.
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of House Wrens would survive lo breed. However, Drilling and Thomp-
son (1988) and Harper et al. (1992) observed no effects of brood-size

manipulations on recruitment, although the power of their statistical tests

was undoubtedly low. Given that +4 broods fledged 1.47 times as many
offspring as control broods in this study, postfledging survival would have

to be reduced by >32% among fledglings from +4 broods if overall

recruitment rates were to favor control broods (assuming comparable

adult survival, see below). Because the reduction in fledgling mass was

only 6-7%, such a large disparity in postfledging survival seems unlikely.

Natal philopatry is very low in House Wrens (averaging less than 3%;
Drilling and Thompson 1988, Harper et al. 1992), so testing this possible

trade-off between fledgling mass and recruitment will be difficult.

Fledging success was not related to territory or female quality, as implied

by the individual-optimization hypothesis (Nur 1987). Although original

clutch size ranged from 3 to 11 {x = 6.87, SD = 1.29) and was equal to

the range of brood-size manipulations (
— 4 to +4), manipulated brood

size was the only factor correlated with number of fledglings. Thus, a

female that laid four eggs was no less capable of fledging eight chicks than

were females that had laid six, eight, or 10 eggs. However, females that

laid large clutches fledged heavier young, regardless of what size brood

they raised. Like the preceding analysis on the effect of brood-size ma-
nipulations, this analysis showed that nestling mass was much more sen-

sitive to perturbation than were nestling survival or nestling structural

growth (i.e., wing chord).

Other explanations for clutch-size limitation in House Wrens have

received little support. Wrens are capable of laying supernormal clutches

if eggs are removed from the nest during early laying (Kennedy and Power

1990), so the egg-formation hypothesis does not apply to wrens. Wrens

are also capable of incubating experimentally-enlarged clutches (Baltz and

Thompson 1988), thereby rejecting the incubation-limitation hypothesis.

Wrens were not double brooded in this study, so there was little potential

for intraseasonal costs of reproduction associated with raising enlarged

first broods. Elsewhere, Finke et al. (1987) and Robinson and Rotenberr\'

(1991) observed no effects of initial brood size on the propensity, timing,

clutch size, or fledging success of second nesting attempts, although fe-

males that raised enlarged initial broods fledged lighter-weight nestlings

in the second brood in Robinson and Rotenberry’s (1991) study. Inter-

seasonal costs of reproduction arc difficult to evaluate in House Wrens

due to low return rates, but Drilling and Thompson ( 1 988) did not observe

any differences in adult return rates as a function of brood-size manip-

ulations in the preceding year.

Results obtained in this study, and those obtained by other researchers
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(Finke et al. 1987, Baltz and Thompson 1988, Drilling and Thompson
1 988, Robinson and Rotenberry 1991, Harper et al. 1 992), do not support

current hypotheses of clutch-size limitation for House Wrens. However,

sample sizes have been inadequate to safely reject costs of reduced off-

spring recruitment or reduced adult survival that might be associated with

larger broods (Graves 1991). Although House Wrens are an excellent

species with which to study current and intraseasonal costs of raising

enlarged broods, low return rates (Drilling and Thompson 1988) make
them less suited for assessing interseasonal costs that might be associated

with recruitment and survival.
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SPACING BEHAVIOR AND REPRODUCTIVE
ECOLOGY OF THE

SEMIPALMATED PLOVER AT
CHURCHILL, MANITOBA

Allison Rippin Armstrong' and Erica Nol'

Abstract.—We documented solitary and aggregative spacing patterns in Semipalmated

Plovers {Charadriiis semipalniatus) near Churchill, Manitoba. Pairs nesting on gravel directly

on the coast nested in larger aggregations and closer to other pairs than inland pairs. Coastal

areas were similar to inland areas in ( 1 ) density of birds, (2) available gravel nesting habitat,

and (3) climatic conditions. The number of pairs per gravel area deviated significantly from

that expected from a Poisson distribution. Inland nests were significantly uniform in dis-

tribution, whereas coastal nests were distributed randomly among four sites. In 1988, pairs

nesting on the coast also nested later and had heavier eggs and chicks than pairs nesting

inland. Reproductive success in two years of study was higher at coastal nests than at inland

nests. We suggest that the differences in spacing between the two sites may be due to different

predator populations at the two sites. Received 26 June 1992, accepted 23 Jan. 1993.

Spacing patterns of nesting precocial birds have probably evolved to

exploit food resources efficiently or to thwart predators (Hamilton 1971,

Goransson et al. 1975, Safriel 1975, Pageetal. 1983, Village 1983, Pieman

1988). Phenotypic plasticity in spacing behavior likely results from dif-

ferences in the intensity of predation and/or differences in the importance

of food in different localities. In addition, a number of abiotic effects

might explain differences in the spacing patterns among populations of a

single species. For example, larger nesting aggregations might result simply

because there is less nesting habitat for a similar number of birds between

sites, resulting in more clumped spacing patterns and also higher densities

of birds (Village 1 983). Hiding places for the young may be more restricted

at one site, and as a result, birds must nest in large aggregations and/or

at higher densities to use these more restricted resources. Finally, climatic

conditions may favor aggregative behavior if, for example, one site be-

comes available earlier than another, affecting the amount of available

habitat through time.

Semipalmated Plovers {Charadriu.s scnupalmatus) nest on Hat, sparsely

vegetated habitats in the Arctic (Hantzsch 1929, Soper 1946, Sutton and

Parmelee 1955). In and around Churchill, Manitoba, this species nests in

small aggregations or as single pairs at locations away from the coast

(inland) and in larger aggregations on beaches directly adjacent to the

coast. This variation in spacing patterns was documented in different

' Biology Dept., Trent Univ., Peterborough, Ontario, Canada K9J 7B8.
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geographical areas in earlier studies (e.g., “neighborhood” in Labrador

[Hantzsch 1929] solitary breeding pairs in southwestern Baffin Island

[Soper 1946] “close-knit group . . . colony” in southeastern Baffin Island

[Sutton and Parmelee 1955], but has not been documented within a rel-

atively small geographical area. Herein, we test whether nest availability,

hiding place availability for chicks, or climate differences explain differ-

ences in spacing patterns of this species in the Churchill area. We also

document differences in reproductive ecology, predator populations and

reproductive success between coastal and inland locations.

STUDY AREA AND METHODS

This study was conducted from 12 June to 1 August 1987 and 31 May to 8 August 1988

in and around Churchill, Manitoba (58°45'N, 95°04'W). The study sites were divided into

two areas; coastal, where birds nested along the coast of Hudson’s Bay in gravel areas

encircled by tundra vegetation or willows {Sa/ix spp.) on three sides and the coast on the

fourth; and ‘inland’ where birds nested in gravel areas mostly surrounded by scattered white

spruce {Picea alba), larch (Larix laricina), willows (Salix spp.) and junipers {Juniperus

communis var. depressa), and far enough from the coast so the chicks were not seen to move
to the coast until they could fly. At the coast parents and chicks moved away from the

nesting areas to adjacent mudflats to feed, whereas inland, parents led the chicks to the

edges of nearby freshwater ponds to feed. Preliminary observations of spacing patterns, nest

initiation dates, clutch sizes, and egg sizes were made in the 1 987 field season. Nest initiation

dates were estimated by back-dating from the date of hatch, using an incubation period of

26 days (this study).

In 1 988, all nests but one were found during the egg-laying period. Most nests were found

on gravel with small (< 1 cm) pebbles, although one inland nest was on lichens, and one

coastal nest was on sand. The entire Churchill area accessible by bicycle was surveyed for

potential nesting areas. All gravel areas were considered to be potential nesting areas. Sizes

of nesting areas were obtained by assuming a rectangular shape and measuring the longest

and widest points (minus the areas ofponds). Small rocks and sparse vegetation were ignored.

Densities were calculated as the number of pairs divided by the area of gravel (ha) in which

that pair was found. Nearest-neighbor distances were calculated for coastal birds only, as

all ‘inland’ birds nested alone or greater than 50 m from another pair. Nest sites at each

study area were checked every day before and during laying and hatching. During incubation,

nests were checked from a distance of 10 m or more, for the presence of the incubating

adult, at least every three days. Semipalmated Plovers did not begin incubating until clutch

completion.

In nests where the laying order was known, eggs were numbered with indelible felt-tip

markers, weighed to the nearest 0.1 g, and measured to the nearest 1 mm. For virtually all

nests in 1 988, fresh egg masses were obtained. At hatching, chicks were weighed and banded

with a numbered aluminum band.

Air temperatures were taken in the open with a thermometer at (1) 1 cm above ground

level, (2) 3 cm above ground level, the approximate height at which a Semipalmated Plover

sits while incubating, (3) 0.5 m above the incubating bird, and (4) 1 m above the incubating

bird. We frequently recorded temperature in the large gravel areas over the breeding season,

from 1 June to 8 August 1 988. Wind speed readings were also measured with an anemometer

at these heights.
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RESULTS

Nest dispersion patterns. — \n 1987, we found six nesls inland and six

nests along the coast. Three inland nests were in separate gravel areas,

while three were on one very large gravel area but widely spaced (>50 m
apart). Five of the six coastal nests were together on one gravel area. In

1988, the 20 pairs that we found at the coast were all nesting in one of

four gravel areas. The 28 inland pairs were in 25 separate gravel areas.

Twenty-two pairs nested solitarily, and six nested on the three largest

gravel expanses. Nearest neighbor distances at the coast, averaged 16.5

m (SE = 3.36). All inland nests were at least 50 m from the nearest nest,

including the seven pairs that nested on the three largest gravel areas.

Nearest-neighbor distances were significantly smaller than 50 m at the

coast {t = 19.9, N = 22, P < 0.0001).

The frequency distribution of pairs per area in 1988 deviated signifi-

cantly from the Poisson distribution (categories for 5, 6, and 7 pairs per

gravel area collapsed for analysis. Fig. 1, adj. G = 7.95, P < 0.05; =

14.1, 3 df, P < 0.05). The largest deviation came from the 22 pairs that

nested solitarily at inland locations (Fig. 1). The distribution of pairs

nesting at inland locations among gravel areas was significantly uniform

(I = 0.098, N = 25, ^ 2.35, Elliot 1977), while the distribution of pairs

among the four locations at the coast did not differ from random (I =

0.40, N = 4, x" = 1.6).

Availability of nesting habitat.—The areal extent of the gravel both on

the coast and inland varied widely. There were 67.6 ha ofavailable habitat

on the coast and 1 14.8 ha inland. The median area of the coastal sites

was not significantly different from that available inland (Table 1), and

there was considerable overlap in the size of areas available at the two

locations (Table 1). The difference in nest dispersion between the two

sites did not appear to be due to having only small areas available inland

and large areas available at the coast.

By calculating the densities of each area separately, we found that nest-

ing densities were also not significantly different between the two sites

(Table 1). The total number of pairs per total gravel area was lower on

the coast than inland (coast, 0.30 birds/ha; inland, 1.89 birds/ha). There-

fore, uniform spacing at inland sites was also not a function of having

fewer birds per inland area.

Hiding sites.— At inland sites, parents led chicks to feed along the edges

of inland ponds. At the coast, chicks foraged on the intertidal mudflats.

Low vegetation surrounding feeding areas was dense at both inland and

coastal locations and provided hiding places for plover chicks. Distances

from the mudflats to the vegetation were not significantly different be-
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Fig. 1. Frequency distribution of number of pairs per gravel area from the 1988 field

season, showing observed and expected numbers (based on a Poisson distribution).

tween the two sites (/ = 0.24, coast: x + SE, 3.12 ± 0.700 m; inland 2.92

± 0.324 m). Therefore, we also reject the hypothesis that birds on the

coast are exploiting more restricted areas for hiding.

Climate.—To analyze the temperature data, we divided the 1 988 season

into four equal parts (1 June-15 June, 16 June-30 June, 1 July-15 July,

16 July-3 1 July). We then compared the temperatures at the four heights

in four equal quarters of the day. Early in the season (1 June-15 June),

temperatures were generally higher inland than at the coast, but only at

heights greater than 0.5 m above the level of the bird, and only between

03:00 and 09:00 h CDT (e.g., at 0.5 m above the incubating bird). Mean
temperature at the coast was 1.92°C (SE = 4.85, N = 4) and inland was
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Table 1

Nest Densities and Size of Gravel Areas at Inland and Coastal Study Areas in

1988

N
Coast median

(Range) N
Inland median

(Range) e-

Nesting densities

(pairs/ha)

4 0.36

(0.01-4.00)

23 1.26

(0.03-140) 0.357

Size of gravel area (ha) 4 12.9

(1.0-647.9)

23 0.79

(0.007-28.7) 0.071

•' Significance determined using Mann-Whitney U-test.

9.69°C (SE = 1.36, N = 12). In no other comparisons (total of 64) were

temperatures at any height significantly lower (or higher) at the coast than

inland. Windspeeds were generally higher at the coast, but at the heights

of the incubating bird and at ground level the differences were significant

for only about half of the readings (e.g., 1 June-15 June, 15:00-21:00,

coast, 2.98 ± 0.61 kph, N = 14, inland, 0.93 ±0.13 kph, N = 13, /
=

3.31, P = 0.005). As most coastal nests were behind low (< 1 m) dunes,

these nests did not experience offshore winds directly. As the greater winds

of the coast did not correlate with lower hatching success at the coast (see

below), we reject climate as an explanation for differences in spatial dis-

tributions between the two sites.

Reproductive ecology’ at inland and coastal locations. — In 1987, plovers

had arrived on the study area before our field work began (12 June). In

1988, Semipalmated Plovers began arriving in Churchill on 2 June and

dispersed onto territories and began nesting on 5 June. We found no

significant differences in the date of clutch initiation between coastal and

inland nests in 1987 (Table 2). In 1988, however, there was a significant

difference in egg-laying dates between the coast and inland, with females

at the coast laying eggs an average of three days later than the females at

inland sites (Table 2).

In 1987, all nests contained four eggs. In 1988, 26 of the inland nests

contained four eggs, one contained three eggs, and one contained two eggs.

All 20 coastal nests contained four eggs. In 1987, there was no evidence

that eggs at the two locations were significantly different in volume or

mass (Table 2). In 1988, eggs and chicks from coastal nests were signif-

icantly heavier than eggs and chicks from inland nests, but eggs had

significantly smaller volumes (Table 2). Fresh egg mass and fresh chick

mass were significantly correlated (N = 123, r = 0.49, P < 0.01; Ricklefs

1 984). We tested for the added variance component for the egg parameters.
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Table 2

Dimensions, Volume, and Mass of Eggs and Freshly Hatched Chicks from Coastal

AND Inland Locations Near Churchill, Manitoba

Year Parameter N-
Inland
Jc(SE) N

Coastal
je(SE) p

1987 Egg length, mm 6 31.7 (0.37) 6 31.4 (0.25) n.s.*’

Egg breadth, mm 6 22.5 (0.09) 6 22.5 (0.24) n.s.

Egg mass, g 6 9.6 (0.35) 6 9.9 (0.29) n.s.

Egg volume, cm^ 6 6.78 (0.084) 6 6.73 (0.130) n.s.

Laying date 6 12 June(l.l) 6 1 1 June (1.3) n.s.

1988 Egg length, mm 28 32.7 (0.26) 20 31.9 (0.22) 0.029

Egg width, mm 28 23.0(0.13) 20 22.5 (0.12) 0.012

Egg mass, g 28 8.3 (0.10) 20 9.2 (0.12) 0.0001

Egg volume, cm^ 28 7.3 (0.12) 20 6.8 (0.11) 0.003

Chick mass, g 16 6.0 (0.14) 17 7.1 (0.14) 0.0001

Laying date 28 14 June (0.61) 20 17 June (0.56) 0.0003

" Sample size is based on number of nests (means for each nest were analyzed).
*’ n.s. = means not significant.

once the effects of location had been removed (SAS Institute 1985). There

were significant added variance components (or differences among fe-

males) for egg volume, egg length and egg breadth, (66.9%, ^^46 140
= 8.91,

P < 0.01; 72.6%, ^46,140 = 11.41, P < 0.01; 58.6%, ^46,140 = 6.54, P <
0.01, respectively) but not for egg mass (13.5%, 1.61, n.s.).

Predation and reproductive success.—

A

number of potential predators

including Rough-legged Hawks (Buteo lagopus). Prairie Falcons {Falco

mexicanus), Parasitic Jaegers (Stercorarius parasiticus). Herring Gulls

(Larus argentatus). Common Ravens (Corvus corax), Arctic foxes {Alopex

lagopus), red foxes {Vulpes vulpes) and ermines {Mustela erminea) were

seen during observations at nest sites, but mammalian predators were

observed only at inland sites. Over both years the number of nests where

at least one egg hatched was significantly higher at the coast than inland

(Table 3). In 1988, nearly one half of all inland nests were unsuccessful

in hatching (Table 3), whereas in both years most coastal nests hatched

successfully. In 1987, six nests contained one egg that did not hatch (4 at

coast, 2 inland). In 1988, five inland nests experienced partial nest loss

(4 pairs lost 1 egg, 1 pair lost 2 eggs).

DISCUSSION

Evidence does not support the hypotheses that differences in spacing

at coastal and inland locations are due to less available nesting habitat at

the coast than inland, higher densities at the coast than inland, smaller
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Table 3

Hatching Success of Coastal AND Inland Nests

Year Location Successful U nsuccessful

1987 Coast 6 0
0.439

Inland 4 2

1988

Coast 17 3
0.098

Inland 17 12

Using likelihood ratio, continuity-adjusted chi-square. When data from the two years are combined, the difference

between locations is significant a\. P = 0.031.

patches of available habitat, better hiding places at the coast than inland,

or more favorable climate at the coast than inland. Our data on nest

densities, available habitat, and the distribution of pairs per area suggest

that the pairs at each location are distributing themselves differently in

space in response to biotic rather than abiotic factors.

Predation is probably one of the most important selective pressures

influencing the optimal spacing pattern of a population (Andersson and

Wiklund 1978, Page et al. 1983, Pieman 1988). Several experiments have

shown that predation on cryptic prey nesting in open habitats increased

with prey density (Tinbergen et al. 1967, Krebs 1971, Page et al. 1983).

Therefore, predation seems to favor spacing out by prey whose main

defense is to avoid detection.

However, in species that communally act against the threat of a pred-

ator, defense efficiency may increase with the number of defenders (Tin-

bergen et al. 1967, Andersson and Wiklund 1978, Underwood 1982,

McLandress 1983). This would favor higher prey densities or clumping.

Since both solitary nesting and clumping are observed in the Semipal-

mated Plover, it may be possible that different patterns are advantageous

at the different sites.

No foxes were ever seen at the coast, but foxes and other mammalian
predators were observed on numerous occasions near inland nests, prob-

ably because inland sites provided hiding and denning places (Banfield

1974). Foxes were likely important predators at these sites. Although aerial

predators were often seen flying over nests, plovers rarely left the nest as

a result. The usual response was to go into a crouched position and wait

for the threat to pass, presumably relying on their highly cryptic plumage

to avoid detection (Page et al. 1983).

Low densities of Snowy Plovers (C. alexandrinus) at Mono Lake (Page

et al. 1983, within the ranges of density found at either of our sites) were

suggested to function as important anti-predator responses against ravens
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and gulls. We found that clumping occurred at the site where only avian

predators were observed, although avian as well as mammalian predators

occurred at the inland sites where birds were spaced out in their distri-

bution. It may be that only the significant ‘spacing out’ or uniform dis-

tribution of the inland birds can be seen as an anti-predator response to

predators at inland sites (i.e., Pieman 1988). It remains to be determined

why the birds at the coast ‘clumped.’

We observed differences in the effect of the anti-predator response of

plovers to our presence at the two locations. When inland nests were

approached, the birds skulked off the nest toward the observer and per-

formed a broken-wing display. The same behavior was seen at the coast,

but because more than one nest was nearby, up to nine birds could be

calling and displaying simultaneously, presumably confusing potential

predators.

Hatching success was significantly higher at the coast than inland and

very high (100% in 1987, 85% in 1988), as compared to hatching success

of some other plover populations (Nol and Lambert 1984, Page et al.

1985, Haig and Oring 1988, but see Wilcox 1959, Cairns 1982). The
advantages ascribed to ‘spacing out’ for cryptic species suggest that if

predators ‘discovered’ one of the clumped nests, substantial losses would

occur. However, three nests were lost in 1988 from three different coastal

locations. Therefore, crypticity of eggs and/or group defense (Skeel 1983)

must be affording the coastal birds some protection. The relatively low

density of birds at the coast in relation to available habitat suggests that

these birds may have been ‘hiding in a sea of gravel.’

The differences in spacing patterns between these two geographically

close locations does not explain why individual birds would choose to

nest at one location over the other. Inland birds began nesting three days

earlier than coastal birds, but we had no evidence that either habitat was

preferred or saturated. At the larger inland areas and at all coastal sites,

there appeared to be sufficient available habitat to increase the number
of pairs further. In addition, we did not see any overt territorial behavior

at coastal sites, that might imply nest-site limitation, despite the nearness

of nests. However, snow left the coastal areas later than inland sites in

1988.

Adults were often observed flying between the two sites to forage, so it

was unlikely that food availability for the laying females resulted in dif-

ferences in egg and chick size between the two locations or in differences

in spacing behavior. If the earlier availability of nest sites is the reason

for the difference in egg mass between the two sites, then one would expect

no differences in egg mass between the two sites in 1987, when there were

no differences in laying dates. In addition, we found that the added vari-
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ance component for egg mass was very small when compared to the added
variance component for volume and linear egg dimensions. This suggests

that egg mass is affected more strongly by environmental changes than is

volume (Ricklefs 1984). It is possible, however, that food availability for

the chicks varies between the two sites and that lower food availability

at inland sites leads to more territorial behavior, hence spacing out at

these locations. Currently, we do not have information to test this hy-

pothesis.

Differences in spacing behavior within a species of precocial bird be-

cause of predators and/or food availability for chicks may have important

implications for patterns of parental behavior (Walters 1982). The effects

of these differences between coastal and inland sites on parental behavior

in this species are currently under study.
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REPRODUCTIVE SUCCESS OF AMERICAN KESTRELS
NESTING ALONG AN INTERSTATE HIGHWAY IN

CENTRAL IOWA

Daniel E. Varland' and Thomas M. Loughin^

Abstract.—We studied the reproductive success of American Kestrels {Falco sparvenus)

nesting in nest boxes attached to the backs of highway signs along Interstate 35 (1-35) in

central Iowa, 1988-1992. Nest box occupancy averaged 45.1%. All nest boxes faced either

north or south, and there was no significant association between nest box occupancy and

nest box orientation. European Starlings {Sturnus vulgaris) built nests in almost every nest

box not occupied by kestrels. Apparent nesting success, the percentage of nests fledging at

least one young, averaged 68.9%. There was no significant association between apparent

nesting success and nest box orientation. Using the Mayfield method, we detected a signif-

icantly lower probability of survival during the incubation stage than during the brood-

rearing stage. Clutch size averaged 4.8 over the five years of the study, and mean hatching

success was 62.5%. Mean brood size was 3.1, and mean number of young in a brood to

fledge was 2.9 (90.9% fledging success). The kestrels in this study had reproductive success

similar to that of kestrels nesting in nest boxes in other areas of North America. Received

10 Nov. 1992, accepted 22 Feb. 1993.

American Kestrel {Falco sparverius) nesting in boxes was first reported

in the 1930s (Kalmbach and McAtee 1930, Bent 1938), and since that

time others have shown that providing nest boxes for kestrels can increase

breeding densities (Hamerstrom et al. 1973, Stahlecker 1979, Bloom and

Hawks 1983, Toland and Elder 1987). Boxes have been attached to trees

(Bloom and Hawks 1 983, Toland and Elder 1 987), wooden posts (Wheeler

1992), utility poles (Stahlecker 1979, Toland and Elder 1987), and build-

ings (Hamerstrom et al. 1973, Toland and Elder 1987). In 1988, we began

a study of kestrels nesting in nest boxes on signs along 1-35 in central

Iowa. In this paper, we describe the reproductive success of kestrels using

these boxes. We also compare the reproductive success of kestrels nesting

along the interstate highway with that of kestrels using nest boxes else-

where in North America.

STUDY AREA AND METHODS

The nest boxes in this study were placed on both sides of the north-south highway at

about 2-km intervals (Fig. 1). All nest boxes faced north or south. Land bordering the

interstate is farmed intensively with row crops. Field work was conducted in central Iowa

between 1988 and 1992. We monitored 50 nest boxes in 1988, 1991, and 1992 (Story and

' U.S. Fish and Wildlife Service, Iowa Cooperative Fish and Wildlife Research Unit. Science II, Iowa

State Univ., Ames, Iowa 5001 1. (Present address: ITT Rayonier Inc., P.O. Box 200, Hoquiam, Wash-

ington 98550.)

^ Dept, of Statistics, Snedecor Hall, Iowa State Univ., Ames, Iowa 5001 1. (Present address: Dept, of

Statistics, Kansas State Univ., Manhattan. Kansas 66502.)
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Fig. 1. American Kestrel nest box attached to an I-beam on the back of an interstate

highway sign.

Hamilton counties); 72 in 1989 (Story, Hamilton, and Franklin counties); and 90 in 1990

(Story, Hamilton, Franklin, and Cerro Gordo counties). In late February or early March of

each year, the nest boxes were repaired and about 8 cm of pine-wood shavings were placed

in the bottom of each box. We monitored nesting activity at intervals of 1-10 days from

early May through mid-August. When we found European Starling {Sturnus vulgaris) nests,

which frequently contained eggs or young, we removed them and added wood shavings

again. Starlings initiated nesting either by placing grass and other nesting materials in the

nest box after removing the wood shavings, or by placing these materials on top of the wood

shavings. Nesting substrate for kestrels was wood shavings, grass (nests built by starlings),

or bare wood (nests in which >50% of the floor of the nest box lacked nesting material).

In 1990 we experimentally adjusted the size of kestrel broods to two siblings in 15 nests

and five siblings in nine nests to study the influence of brood size on foraging efficiency

(Varland and Loughin 1 992). Because these adjustments were made when young were ready
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lo fledge, data on reproductive success (c.g., brood si/e, fledging success) were recorded

according to the status of these nests before the manipulations occurred.

Statistical analyses.— used the traditional apparent success method (nests fledging at

least one young) and the Mayfield method (Mayfield 1961, 1 975) to estimate nesting success.

The Mayfield method avoids overestimates of nesting success that result when some nesting

lailurcs, especially those early in the nesting cycle, are undetected. Because intervals between

our nest visits were not constant, we used the maximum likelihood estimator (MLE) of the

survival rate as described by Bart and Robson (1982). For these computations, we used a

PC SAS version of “Program MAYFIELD” (Krebs 1989:609-61 1). We calculated the prob-

ability of nest survival by Mayfield analysis for the incubation and brood-rearing periods,

which are both 29 days (Bird and Palmer 1988). We used a normal statistic on transformed

daily survival rates, as suggested by Bart and Robson (1982), to test for differences in the

probability of survival between the two periods for each year, and we used one-way ANOVA
to test for differences across all years. Kestrels entering the brood-rearing period must have

first survived the incubation period. Thus, tests for differences in survival between periods

were made on data sets that were not independent of one another, because they contained

some of the same birds. Caution should be used in interpreting results of the tests.

The observational unit (N) was the nest. For each nest, we determined clutch size, hatching

success (% of eggs laid that hatched), brood size (number of birds in a brood where at least

one egg was laid), fledging success (% of young hatched that fledged), and number of birds

in a brood to fledge. Only kestrels >22 days old on the last nest visit were classified as

having fledged (Steenhof 1987). We computed the yearly means for clutch size, hatching

success, brood size, fledging success, and number of birds in a brood to fledge by averaging

across nests. We used the Kruskal-Wallis test (Randles and Wolfe 1 979) to test for differences

among years for each of the parameters of nesting success.

We tested for associations of nest box occupancy and nesting success with nest box

orientation (north vs south). For these analyses, we used the Chi-square test for contingency

tables to test for differences in each of the five years of the study. We used the Cochran-

Mantel-Haenszel (CMH) test (Agresti 1990:230) to evaluate differences across years.

RESULTS AND DISCUSSION

Nest box occupancy .
— box occupancy by kestrels averaged 45.1%

for the five years of the study, 1988-1992 (Table 1). This occupancy rate

is within the range of rates reported for kestrels occupying nest boxes in

other areas of North America (average = 41.8; Table 2).

We detected no significant association between nest box occupancy and

box orientation (north vs south) for each year of the study (Chi-square

test: 1988, P = 0.18; 1989, P = 0.05; 1990, P = 0.86; 1991, P = 0.37;

1992, P = 0.98) or for the years combined (CMH test, P = 0.92). Other

studies have reported that kestrels prefer to use nest boxes facing cast or

south (Balgooyen 1976, Raphael 1985, Toland and Elder 1987). In Cal-

ifornia, kestrels occupied cavity nests in trees facing cast significantly more

often than expected (Balgooyen 1976), an observation corroborated in

additional work by Raphael (1985). Toland and Elder (1987) found that

68% of kestrel nests in natural cavities and 67% of the nests in nest boxes

faced east or south, but they did not evaluate these occupancy rates in

the context of cavity availability.
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Mean nest box occupancy by starlings between 1988 and 1992 was

52.2%. Except for five nest boxes not used by any avian species, starlings

initiated nesting in every nest box not occupied by kestrels. Not all these

nests, however, contained eggs or young. We removed starling nests from

nest boxes when they were found, often before eggs were laid.

We have indirect evidence that kestrels evicted starlings from nest

boxes. For those kestrel nests in which the nesting substrate was recorded

(N = 115), 53% consisted of wood chips, 37% of grass, and 10% of bare

wood. The nests with grass substrate were built by starlings and aban-

doned, at least in some cases, because they were taken over by kestrels.

We never observed kestrels remove starling eggs from a nest box, but

on several occasions we found starling eggs or egg fragments beneath nest

boxes in which kestrels were nesting. At one site, a male kestrel flew from

a nest box as we approached. We found the female sitting on top of nine

starling eggs. We banded her and returned to the nest six days later to

find that the kestrel pair and starling eggs were gone. The female was

observed incubating five kestrel eggs 1 1 days later in a box about 1.6 km
from her first nest. The nest box in which this female was first seen was

reoccupied by starlings.

Although our observations provide evidence that kestrels evicted star-

lings from nest boxes, starlings probably caused kestrels to abandon their

nests as well (cf Wilmers 1987, Weitzel 1988). We checked 33 kestrel

nests after nest failure and found that in 14 of these nests starlings had

subsequently initiated nesting. We found kestrel eggs or egg fragments

beneath three of these nest boxes. We do not know what caused any of

these 33 nest failures, but harassment by starlings may have been re-

sponsible for some of the losses.

Nesting —Apparent nesting success averaged 68.9% between

1988 and 1992 (Table 1). We found no significant association between

apparent nesting success and nest box orientation for each year of the

study (Chi-square test: 1988, P = 0.42; 1989, P = 0.78; 1990, P = 0.46;

1991, T* = 0.85; 1992, P = 0.88) or for the years combined (CMH test,

P = 0.55). Apparent nesting success for kestrels using nest boxes elsewhere

in North America ranged between 20 and 83% (average = 62.2%; Table

2). In Missouri, nesting success for American Kestrels was 78% for boxes

on utility poles, 64% for boxes on buildings and silos, and 7% in natural

cavities in trees (Toland and Elder 1987).

Using the Mayfield method, we detected a significantly lower proba-

bility of survival during the incubation stage than in the brood rearing

stage for 1989 and 1990 (Z test; Table 3) and for the years combined

(ANOVA, C, 4 = 10.7, P = 0.03). During the five years of the study, 49

of 1 42 kestrel nests failed; 40 ofthe failures occurred during the incubation

stage and nine during the brood rearing stage.
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Table 3

Survival Rates of American Kestrel Nests Along Interstate Highway 35 in

Central Iowa, 1988-1992'*

Incubation
period

Brood
rearing /'-values’’

1988

Survival rate 76% 93% 0.24

95% CL 56-100% 81-100%
(N) (18) (15)

1989

Survival rate 64% 94% 0.02

95% Cl 47-86% 83-100%
(N) (25) (16)

•

1990

Survival rate 39% 84% <0.01

95% Cl 25-61% 71-100%
(N) (52) (33)

1991

Survival rate 86% 100% N.S.**

95% Cl 73-100% c

(N) (23) (20)

1992

Survival rate 75% 81% 0.66

95% Cl 59-95% 63-100%

(N) (24) (18)

“ Sur\'ival rates were determined by the Mayfield method (Mayfield 1961, Mayfield 1975).

Z-test based on daily survival rates.

' Cl = confidence interval.

Determination of nonsignificance based on confidence interval for incubation period.

Confidence interval test cannot be calculated because all nests monitored were successful.

Incubation stage. — The median date of the start of incubation in 1988-

1 992 was 24 April. The earliest date of incubation initiation for these five

years was 1 April, while the latest date was 23 June. American Kestrel

clutch size averaged 4.8 over the five years of the study, with no significant

difference among years (Kruskal-Wallis test; Table 1). Clutch sizes for

kestrels using nest boxes elsewhere in North America were similar to

those in our study (Table 2). The median hatching date for 1988-1992

was 23 May. The earliest date of hatching was 30 April and the latest 22

July.

Mean hatching success for 1988-1992 was 62.5%, and we detected no

significant difference among years (Kruskal-Wallis test; Table 1 ). Hatching

success in our study was lower than the rates reported for kestrels else-

where (Table 2), but these differences may be attributable mainly to an
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extremely low hatching success rate in 1990. Values for the other years

were comparable to those from other studies.

In our study, all 1 2 clutches on a substrate of bare wood failed during

the incubation stage. Egg chilling due to insufficient substrate for insulation

probably was the primary reason for egg failure on bare wood. Starlings,

however, may have been indirectly responsible for these nest failures, as

they generally removed wood chips from nest boxes while building their

nests.

We accidentally broke one egg in each of four clutches of five eggs while

handling the adult kestrels in these nest boxes. We do not know what

caused the other mortalities during the egg stage; factors such as egg

infertility, addling, removal by starlings, nest abandonment, and preda-

tion probably were responsible. Predation was probably not a major factor

contributing to nest failure, as the nest boxes were attached to steel I-beams.

On one occasion, however, we found raccoon {Procyon lotor) scat on the

lid of a nest box about 20 m above the ground, so mammalian predation

may have occurred in a few cases.

Brood rearing stage.—ThQ average brood size for 1988-1992 was 3.1,

and the average number of young in a brood to fledge was 2.9 (Table 1).

We detected a significant difference among years for each of these two

measures of reproductive success (Kruskal-Wallis test; Table 1). Mean
brood size and number of birds to fledge were lower in our study than in

others, but the differences may not be significant (Table 2).

In our study, 1 2 nests exhibited some brood loss. All brood members
died in nine nests, and partial brood losses occurred in the other three.

In seven of the 1 2 nests, including the three with partial brood losses, the

young disappeared. Young from these nests may have been cannibalized

by their parents and/or siblings (Bortolotti et al. 1991). We found no

evidence (e.g., partially eaten young), however, to support this.

We determined that starvation was the cause of death for one brood

of two, but we do not know how the other birds died. The low rate of

nest failure during brood rearing and, in particular, the low rate of star-

vation among nestlings indicate that parents were able to provision their

young.

A lack of prey, however, may have contributed to nest failure during

the incubation stage. Nest desertion because of limited prey was the most

important cause of nest failure during incubation for the Eurasian Kestrel

(Falco tinnunculus) in Holland (Cave 1968).

Fledging success averaged 90.9% over the five years of the study and

there was no significant difference among years (Kruskal-Wallis test; Table

1). The fledging success in our study was similar to the rates for kestrels

using nest boxes in other areas (average = 93.3%; Table 2).
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The median Hedging date for the five years of the study was 20 June.

The earliest date of Hedging was 25 May, and the latest was 20 August.

Only two of 16 mortalities among the 61 radio-marked fledglings died

because of collisions with vehicles along the interstate (Varland et al.

1 993). This suggests that traffic along the interstate was not a major source

of mortality for fledglings.

Reproductive success of kestrels nesting in nest boxes along 1-35 was
similar to that of kestrels using nest boxes in other settings across North

America. The I-beams to which the boxes were attached provided a strong

support and a high perch so that nests were not easily accessed by pred-

ators. Nest boxes on interstate signs have given kestrels nesting oppor-

tunities that would not exist otherwise across much of Iowa’s agricultural

landscape.
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BREEDING BIOLOGY OF THE EURASIAN
NUTHATCH IN NORTHEASTERN SIBERIA

Vladimir V. Pravosudov'

Abstract.— The breeding biology of Eurasian Nuthatches {Sitta europaea asiatica) was

studied in 1986-1990 in two habitats, riparian and upland forests, in the Magadan region,

northeastern Siberia. Clutch sizes and breeding success averaged 6.49 eggs and 57.5%,

respectively, and varied among years. Habitat influenced clutch size but not numbers of

young fledged from successful nests. Within seasons, date of first egg was correlated negatively

with clutch size, while in years in which breeding started later, nuthatches laid significantly

larger clutches. Female age had a significant effect on the timing of the start of breeding,

whereas neither female nor male age influenced clutch size or number of fledglings. Mass
of young at the time of fledging was independent of brood size. The yearly mean brood size

correlated positively and significantly with mean yearly nestling growth rate and mean body

mass of nestlings at 18 days of age. Received 22 Sept. 1992, accepted 12 Feb. 1993.

The Eurasian Nuthatch {Sitta europaea) occupies a vast range from

western Europe to eastern Siberia. Breeding biology of the nuthatch is not

well known because of difficulties associated with access to natural cavities

where this species nests. Although Eurasian Nuthatches have been studied

in Europe (Lohrl 1958; Nilsson 1976, 1987; Schmidt et al. 1992), no one

has examined the breeding biology of this common species in the eastern

part of its range. In this paper, I describe several aspects of the breeding

biology of {Sitta europaea asiatica) breeding in natural cavities in north-

eastern Siberia and discuss the influence of parental age and habitat on

clutch size and breeding success.

STUDY AREA AND METHODS

All data were collected in the southern part of the Magadan region, northeastern Siberia

(60°N, 150°E), in 1986-1990. Nuthatches were studied in two main habitat types, riparian

forest (20-30 m tall) along rivers and upland forest (5-15 m tall). The riparian tracts were

0.1^ km wide and were comprised mainly of larch (Larix cajandery), poplar {Populus

suoveolens), and chosenia [Chosenia arhutifolia), with birch (Betula spp.), alder {Alnus spp.),

and willow (Salix spp.) present to a lesser extent. The upland forest was located on gentle

mountain slopes, where larch was the only tree and shrub pine {Pinus pumila) the most

abundant shrub. The latter species formed dense thickets, especially at higher elevation.

All observations were made within a single 400-ha plot, which included both habitats.

Nearly all nuthatches were individually marked with different combinations of colored leg

bands. Breeding nuthatches were captured at the nests, and at other seasons in mistnets,

surrounding feeders, and caged decoy birds. To gain access to nests placed in tree cavities,

I fashioned a “door” in the wall opposite to the entrance. Thus, I was able to count eggs

' Institute of Biological Problems of the North, Academy of Sciences of the USSR, Far East Division,

K. Marx pr. 24, Magadan, USSR. (Present address: Dept, of Zoology, The Ohio State Univ., 1735 Neil

Ave., Columbus, Ohio 43210-1293.)
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and nestlings, determine the length of incubation and nestling periods, and study nestling

growth. Using Ricklefs’ (1967) method, I found that the logistic equation was the most

suitable for describing mass increase, and I used the growth constant K to describe nestling

growth rate. There were different numbers of nests available for different analyses; altogether

I found 46 nests, but only 37 were inspected regularly.

Multi-way analysis of variance (ANOVA) was used for the majority ofthe tests concerning

the relationships among time of breeding, clutch size, number of fledglings, year, habitat,

and parental age. The numbers of nests used for inspecting the effect of different factors

were sometimes different (e.g., I knew the age of parents only in the second year of obser-

vations). Therefore, I first examined the effect of factors available for all nests, such as year,

habitat, and date of first egg. Then, in subsequent tests, I omitted factors that had been

found not to be statistically significant. For analysis, I divided brood size into two groups,

large (6-8 young) and small (3-5).

RESULTS

Adult nuthatches lived in male-female pairs permanently in the same
territories after they became breeders (Pravosudov, unpubl. data). Young
nuthatches had two dispersal peaks; in summer, when they dispersed after

becoming independent, and in spring, when those that had not found

mates or territories during the winter moved again (Pravosudov, unpubl.

data).

Nest holes. — Nuthatches most often (82.6%) occupied old holes ofGreat

Spotted Woodpeckers {Dendrocopos major) and Three-toed Woodpeckers
{Picoides tridactylus) and more rarely (15.2%) natural cavities in dead

trees (mainly larch and poplar), mostly where branches had fallen off.

Only once did a nuthatch pair breed in a nestbox (2.2%, N = 46). The
mean height of nest holes above ground was 6.73 ± 3.09 m (range 1-14

m, N = 46). Nuthatches narrowed the entrance to cavities by plastering

mud around the margins. Both plastering and nest building were per-

formed solely by females, while males sometimes brought pieces of nest

material to their mates. Females used larch and birch bark flakes to build

a thick base to the nest (4-10 cm). Some females used dry leaves. Nut-

hatches often used the same hole in more than one year. The tendency

to breed in the same nest hole was related to age, especially of males. Old

males preferred to stay in old holes from year to year (x^ = 6.23, df = 1,

P = 0.012, N = 24), while old and young females and young males did

not differ significantly in use of old or new holes, respectively (x^ = 2.57,

0, 1.0; df = 1, 1, 1; P = 0.11, 1.0, 0.32, N = 24).

Timing of breeding. — The start of egg-laying varied among years from

the beginning to the end ofMay (Table 1). A two-way analysis of variance

showed that while year (F4 28 21.7, P < 0.001) had a significant effect

on date of the first egg, neither habitat type nor the interaction term {F^ 28

= 1.4, P = 0.253) were significant. Because habitat was not a significant

factor, I lumped data from both habitats and tested the effects of year
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Table 1

Breeding Gharacteristics of Eurasian Nuthatches in the Magadan Region of

Siberia"*

1986 1987 1988 1989 1990 Total

No. of nests 6 9 8 8 6 37

Clutch size 7.50 6.1

1

5.37 7.12 6.67 6.49

0.55 1.17 1.41 0.64 0.82 1.22

Brood size 7.40 6.00 4.83 5.86 6.33 5.97

0.55 1.53 1.83 2.48 1.03 1.69

No. of fledglings from successful 4.50 5.37 3.60 5.25 6.33 5.1 1

nests only 1.91 1.30 0.55 1.26 1.03 1.48

No. of fledglings (all nests) 3.00 4.78 2.25 3.00 6.33 3.73

2.75 2.17 1.91 2.94 1.03 2.62

Breeding success^ (%) 40.0 78.2 41.9 42.1 94.9 57.5

Median date of first egg in May 22 18 10 22 20 20

3.08 4.02 3.81 3.90 1.63 5.87

Nests lost to predators — —
1 1

— 2

Unsuccessful nests'" 2 1 3 3 — 9

’ For each cell of the table, the upper number is the mean and the lower is the standard deviation.
•’ No. of young fledged as percentage of eggs laid.

" Nests which had eggs, but in which nestlings were killed by predators or died from other causes.

and of using the same or a new hole on the date of first egg. Use of the

same or a new hole for breeding did not affect the start of egg laying (F, ig

= 0.9, P = 0.36) and this effect was not variable among years (i.e., inter-

action term not significant). Because habitat type and previous use of hole

were not significant factors, I tested the role of parental age and year on

the date when nuthatches laid the first egg. There was a significant negative

relationship between first egg date and female age (F, ,3
= 5.5, F = 0.036),

but not between first egg date and male age (F, ,3
= 2.3, F = 0. 1 5). Again,

interaction terms were not significant.

Nuthatches only laid one clutch per season, regardless of the fate of the

first nest. Mean incubation period was 1 6.2 ± 0.7 days (range 15-17 days,

N = 6) and nestlings spent an average of 20 days in the nest (range 18-

22 days, N = 31). Parents continued to feed young for about two weeks

after fledging.

Clutch 5/zc.— Clutch size ranged from 4 to 8 eggs, with a mode of 7

(Table 1, Fig. 1). Egg size was 19.6 ± 0.6 mm x 14.7 ± 0.3 mm. Eggs

were incubated by the female only. It appeared that the female always

covered the eggs with pieces of bark before leaving the nest. Analysis of

covariance of clutch size over five years and two habitats, with date of

the first egg as a covariate, showed significant variation among years (F4 27

= 4.8, F = 0.005), habitat types (F, 27
= 6.95, F = 0.014), and first-egg

dates (F, 21 = 4.96, F = 0.034). None of the interactions was significant
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Fig. 1 . Percent distribution of clutch sizes (open bars) and number of fledglings (crossed-

hatched bars) during the five years of the study.

(P > 0.2). This analysis indicated that in riparian forest, clutch sizes were

significantly smaller (Table 2) and that birds starting to breed later laid

fewer eggs (correlation from ANCOVA, r = — 0. 1 3, T = 0.034). However,

a comparison of mean yearly clutch size with mean yearly date of first

egg showed that in years when the egg-laying period began later, nut-

hatches had larger clutches (N = 5, Spearman rank correlation = 0.7,

P = 0.01). Because the sample size available for examining the influence

of parental age on clutch size was considerably smaller, I performed a

second ANOVA that included parental age as well as all other factors

previously shown to be significant. This analysis showed no significant

effect of either female age (T, n = 0.1, T = 0.75) or male age (T, ^ = 0.6,

P = 0.47). All the other factors and interactions in this model were also

not significant, a result that might have been due to the small sample size.
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Table 2

Breeding Characteristics of Eurasian Nuthatches Breeding in Two Different

Habitats in the Magadan Region of Siberia (Mean ± SD)

Riparian forest Upland forest

No. of nests 21 16

Clutch size 6.05 (0.24) 7.06 (0.28)

Brood size 5.60 (0.37) 6.47 (0.43)

No. of fledglings

(successful nests only) 4.87 (0.38) 5.42 (0.43)

No. of fledglings (all nests) 3.48 (0.58) 4.06 (0.66)

Breeding success %•' 59.8 (8.8) 57.2 (10.1)

Unsuccessful nests^ 6 (28.6%) 2 (12.5%)

Height of nests, m 6.42 (2.87) 7.10(3.38)

Mean date of first egg in May 18 19

•' No. of young fledged as percentage of eggs laid.

” Nests which had eggs, but in which nestlings were killed by predators or died from other causes.

Nesting period and breeding —Hatching success in nuthatches

was never lower than 80% (Table 1), and the number of fledglings varied

from 3 to 8, most commonly 4 or 5. Analysis of covariance of the number
of fledglings from all nests over different years in the two habitats, with

date of hrst egg as a covariate, showed a significant variation among years

(^4,26 ^ 2.85, P = 0.04) but no significant effect of habitat type (T, 26 =
0.50, P = 0.48) or date of the first egg ^ 0.07, P = 0.79). Interaction

terms were not significant {P > 0.2). Because I had a smaller sample size

available for examining the effect of parental age on the number of young

fledged, besides using the ages of males and females in a subsequent

analysis of variance, I used only year since it had previously been shown

to be significantly important. This ANOVA showed no significant effect

of female age (T, ,3 = 0.1, = 0.76), male age (T, ,3 = 0.7, P = 0.42), or

any interactions on the number of fledglings. Similar analyses applied

only to successful nests indicated no significant influence of year, habitat

type, first egg date, or parental age on the number of fledglings.

Although a three-way ANOVA showed no significant effect of year {Pyx?.

= 1.8, F = 0.18), habitat type (T, ,8 = 0.3, P = 0.59), or brood size (T,,,8

= 0.06, P = 0.81) on fledgling body mass, the mean yearly body mass of

fledglings was significantly higher in years with larger number of fledglings

(Spearman correlation, N = 5, g = P < 0.001). Nestlings also grew

significantly faster in years with larger mean numbers of fledglings; the

correlation between mean yearly nestling growth rate (constant K of the

logistic growth equation) and mean yearly number of fledglings was pos-

itive and significant (N = 4, g = P < 0.001).

Nestling mortality was high enough to result in an average breeding
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success of only about 57.5% (percent of fledglings from number of eggs

laid). However, mortality due to predation was rare, with only two cases

detected, both probably by a weasel {Mustela nivalis) (Table 1). In every

year, there were some nests in which the nestlings died ofstarvation (Table

1); for unknown reasons, the parents dramatically reduced feeding rates

and the nestlings died several days later. In all such cases, the females

disappeared before the next breeding season, presumably having died. In

1988, two of 15 pairs under observation did not breed at all. They began

to plaster mud around the cavity entrance and to build the nest, but then

ceased all breeding activity while continuing to hold their territory.

An analysis of variance ofbreeding success (percent of eggs that fledged)

over different years and in two habitats showed significant variation among
years {F^ 2 i 3.16, P = 0.03, Table 1) but no relationship with habitat

type (Ti 27 = 0.06, P = 0.81, Table 2). The interaction term was also not

significant.

DISCUSSION

Breeding behavior ofthe nuthatch. — Eurasian nuthatches in eastern Si-

beria show similar breeding ecology as populations in western Europe

(Nilsson 1976, 1987). For example, in both locations nuthatches prefer

to breed in natural holes, plaster mud around the nest entrance, build the

nest of bark flakes or leaves, and attempt only a single clutch per year

(L5hrl 1958; Nilsson 1976, 1987). The mean clutch size (6.49 eggs) of

the Siberian birds I studied was similar to that reported from Sweden

(6.8-7; Durango and Durango 1942, Nilsson 1976) and from West Ger-

many (6.49; Schmidt et al. 1992). The mean number of fledglings from

successful nests (5.12, 5.14) and overall breeding success (50%) observed

in Sweden (Nilsson 1976, 1987) and in West Germany (Schmidt et al.

1992) were also very similar to those in Siberia.

The role ofage in breeding. — I found no tendency for older nuthatches

either to have larger clutches or to raise more fledglings than one-year old

birds, but older females started laying earlier. These results agree with

data obtained in Sweden (Enoksson 1990), Belgium (Matthysen 1989a,

b) and Germany (Schmidt et al. 1992). Nilsson and Smith (1988) found

that in Marsh Tits {Parus palustris) even small differences in hatching

date greatly influenced juveniles’ dominance status and probability of

becoming established in a winter flock. The situation seems to be similar

in the nuthatch. The first juveniles settling in a territory tend to remain

there as a result of their higher social status in comparison with juveniles

that appear later (Matthysen 1987; Enoksson, unpubl. data; Pravosudov,

unpubl. data). Thus, early breeding is apparently very important, and

older females have an advantage over younger ones.
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Influence of habitat. — \x\ my study, habitat type influenced clutch size.

The most probable explanation might be related to food availability as

shrub pines were common in the upland forest, but much less common
in the riparian larch forest. Seeds of Shrub Pine were eaten and stored

intensively by the nuthatches in autumn. Stored seeds can form an im-

portant component of the diet in winter and spring, and the number of

stored seeds has been shown to influence breeding in some passerines

(Swanberg 1981, Higuchi 1977). Possibly, nuthatch females living on the

mountain slopes may have laid more eggs and have had a slightly higher

overall breeding success because of a better food supply. In Germany,
clutch size of Eurasian Nuthatches also varied by habitat type, although

the number of fledglings did not differ (Schmidt et al. 1992).

Clutch size. — In the Eurasian Nuthatch, mass of nestlings on' the 18th

day of age did not vary with brood size. The absence of differences in

nestling mass between large and small broods might be related to parental

condition or territory quality (Hdgstedt 1980). If birds in different quality

territories lay different numbers of eggs, and if nestlings from different

brood sizes grow at similar rates, then clutch size may be mainly limited

by the capacity of parents to feed the young. But such a capacity to feed

young might be explained either by individual condition of the parents

or by a possible link between feeding conditions in spring and summer.

Perhaps increasing the clutch size beyond the optimum may lower the

parents’ future survival. Boyce and Perrins (1987) argued that in the Great

Tit (P. major) clutch size in good years was lower, and in bad years higher

than the optimum. In the Eurasian Nuthatch, I found a significant positive

correlation between mean yearly clutch size and mean yearly growth rate

of nestlings and also between mean yearly brood size and mean yearly

body mass ofyoung before fledging, i.e., in years with a larger mean clutch

size nestlings grew faster. These results support the idea that feeding

conditions during spring and summer might be correlated. Perhaps, fe-

males may somehow monitor the habitat and to some extent adjust clutch

size to the prevailing conditions (Hogstedt 1980).
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THE DUETTING BEHAVIOR OF
EASTERN SCREECH-OWLS

Paul H. Klatt* and Gary Ritchison'

Abstract.— We examined duelling behavior of male and female Easlern Screech-Owls

{Otus asio) and used removal experimenls in an allempl lo clarify funclion. Screech-owls

ullered an average of 6.4 bounce songs during duelling bouls, and Ihe songs of paiTicipaling

males and females somelimes overlapped. Male screech-owls inilialed significanlly more
duels lhan did females. Five of six focal males and five of seven focal females engaged in

duels, and significanlly more duels occurred after replacement oftemporarily-removed males

than prior to removal. The bounce songs given by screech-owls during duels exhibit sig-

nificant individual and sexual variation and may be used to advertise the presence and

identity of a mated pair, confirm the identity of a mate, or determine the sex of a prospective

male. Received 17 Sept. 1992, accepted 16 Dec. 1992.

In many species of birds, males and females utter overlapping bouts of

vocalizations called duets. Although most duetting species are oscines,

about one-third of known duetting species are nonpasserines (Farabaugh

1982). Duetting has been reported in the order Strigiformes (Johnsgard

1988, Voous 1988), and previous reports suggest that duetting owls may
utter overlapping bouts of songs (e.g., Lundberg 1980, McGarigal and

Fraser 1985) or overlapping bouts of songs and calls (e.g., Bondrup-Niel-

son 1 984). However, little is known about the number and timing of songs

or calls given by male and female owls during duets. Further, there is

little experimental evidence concerning the function(s) of duetting, both

among owls and other groups of birds. The Eastern Screech-Owl {Otus

asio) has a repertoire of two song types (whinny song and bounce song),

and one of these (bounce song) sometimes is used for duetting (Marshall

1967, Ritchison et al. 1988). The objectives of the present study were (1)

to describe the duetting behavior of male and female Eastern Screech-

Owls and (2) to use mate removal experiments in an attempt to determine

the function(s) of duetting.

METHODS

This study was conducted at the Central Kentucky Wildlife Management Area. 17 km

southeast of Richmond, Madison Co., Kentucky (sec BcllholT 1 987 for a description of the

area). Screech-owls were captured beginning in October 1989 and fitted with a U.S.F.W.S.

aluminum band plus a radio-transmitter. Once paired, male and female Eastern Screech-

Owls typically roost near each other (Belthoff 1 987, pers. obs.). Thus, nest boxes and natural

cavities located near radio-tagged owls were checked regularly in an attempt to capture

mates. Once both members of a presumed pair were radio-lagged, we continued lo monitor

' Dept, of Biological Sciences, Eastern Kentucky Univ., Richmond, Kentucky 40475.
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their roost sites. If radio-tagged owls consistently roosted within 25 m or less of each other,

we assumed they were paired. Nine presumed pairs of screech-owls were observed during

the study. Paired status was confirmed for four pairs by observations made during the

breeding season. Confirmation of status was not possible for five pairs because of the death

of one member of the presumed pair prior to the breeding season. The sex of each member
of a pair was determined by analyzing vocalizations (with those of females higher in fre-

quency) and, if they survived, was confirmed by their behavior during the breeding season

(Cavanagh and Ritchison 1987, Klatt 1992).

Mate removal experiments were conducted from January through mid-March in both

1990 and 1991. Experiments were conducted with six owls (both members of three pairs)

in 1990 and with seven owls (both members of one pair plus one individual from each of

5 additional pairs) in 1991. When both members of a pair were studied, the experiment

with the second owl began the night after completion of the experiment with the first owl.

All experiments consisted of three periods: pre-removal, removal (capture and removal of

mate), and replacement (release of mate). The removal and replacement of owls occurred

during daylight hours and “replaced” owls were placed in a nest box or natural cavity located

within 10 m of the focal owl’s roost site. During each period, the focal owl was monitored

for at least six hours over at least two nights. Nightly observations were three hours in

duration and began either at sunset or when the focal owl first moved from its roost.

The location of focal owls and their mates was monitored using a receiver (Model TR-

2, Telonics, Inc., Mesa, Arizona) with a two-element yagi antenna (Telonics, Inc.). Obser-

vations of focal owls were generally made from a distance ofabout 40 to 75 m, i.e., sufficiently

distant to minimize disturbance but close enough to record vocalizations. Recordings were

made using a Uher 4000 Report Monitor tape recorder with a Dan Gibson parabolic

microphone. Vocalizations were analyzed using a Kay Elemetrics Corporation DSP Sona-

Graph (Model 5500).

For each duetting bout, i.e., a series of bounce songs (see Cavanagh and Ritchison [1987]

for a description of bounce songs) separated in time from each other by intervals of 60 sec

or less, we noted the identity of the singer or singers (if possible) and the experimental

period. Also noted were the number of bounce songs given by each individual and the

intervals between songs. For each bounce song, we determined the number of notes, duration,

tempo (notes per second), and frequency at maximum amplitude (FMA). FMA was deter-

mined on the sonagraph using a color-enhanced screen. If the bounce songs of duetting owls

overlapped, we determined the extent of overlap. Chi-square tests were used to test for non-

random distributions, while Wilcoxon tests were used for paired comparisons (SAS Institute

1985). Values are presented as means and standard errors.

RESULTS

Five of six focal males and five of seven focal females engaged in duets.

Overall, no significant difference (x^ = 4.6, df = 2, F > 0.05) was found

among experimental periods in number ofduetting bouts. However, among
focal pairs, significantly more duets occurred during the replacement pe-

riod than during the pre-removal period (x^ = 4.6, df = 1, F < 0.05).

Among focal individuals, two males engaged in duets with their mates

during the pre-removal period, four owls (one male and three females)

participated in duets with unknown owls (in the absence of their mates)

during the removal period, and four owls (three males and one female)

engaged in duets with their recently-released mates during the replacement

period.
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Individual Eastern Scrccch-Owls (N = 15) uttered an average of 6.4 ±
0.79 bounce songs during duetting bouts, with no significant difl'erence (z

= 1.24, P = 0.215) between males {x = 13 ± 1.2; N = 8) and females

(x = 5.5 ± 1.1; N = 7). Screech-owls initiating duets gave an average of

4.05 ± 0.95 bounce songs before their duetting partner uttered a bounce
song, with no significant difference (z = 0.77, P = 0.444) between males

{x = 4.5 ± 1.2) and females {x = 2.8 ± 1.3). However, male screech-owls

initiated significantly more (x“ = 4.54, df = I, P < 0.05) duets (N = 16)

than did females (N = 6).

During duets, the bounce songs of participating male and female screech-

owls sometimes overlapped. Males (N = 8) gave 154 bounce songs during

duets, and 17(11 .0%) either overlapped or were overlapped by the bounce

songs of females. Females (N = 7) gave 120 bounce songs during duets,

and 13(1 0.8%) either overlapped or were overlapped by the bounce songs

of males. The bounce songs given by female screech-owls during duets

were significantly higher in frequency and slower in tempo (notes per

second) than those given by males (Table 1). No other characteristics of

bounce songs given by males and females during duets differed signifi-

cantly (Table 1). In addition, male and female screech-owls did not differ

significantly in the timing of their bounce songs during duets (i.e., the

interval between the end of their partner’s song and the beginning of their

song) (Table 1).

Three male screech-owls gave bounce songs in both duetting and non-

duetting contexts. Intersong intervals were significantly longer during du-

ets for all three males (Table 2). In addition, bounce songs given during

duets were generally longer (number of notes per song and song duration),

faster in tempo, and lower in frequency (Table 2).

One female screech-owl gave bounce songs in both duetting and non-

duetting contexts. Only the tempo of bounce songs varied significantly (z

= 2.23, P = 0.0259), with notes given at a rate of 1 1 .40 ± 0.82 per second

(N = 21 songs) during duets and 14.75 ± 0.40 per second (N = 7 songs)

in non-duetting contexts.

Discussion. — Paired male and female Eastern Screech-Owls in this study

engaged in more duets during the replacement period than during the pre-

removal period. In addition, several screech-owls ducttcd with uniden-

tified conspecifics (perhaps prospective mates) during the removal period.

Such results suggest that duetting by screech-owls plays a role in the

establishment, or re-establishment, of pair bonds. Previous authors have

suggested a similar function for duetting in Eastern Screech-Owls (Mar-

shall 1967) as well as in other species of owls (Voous 1988).

Complex, pair-specific duets may strengthen pair bonds and prevent

desertion because males and females must invest time and energy in

learning such duets (Wickler 1980). In contrast, relatively simple, non-
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specific duets, like those of Eastern Screech-Owls, are more likely used

to advertise the presence of a mated pair (Wickler 1980) or to advertise

identity (Martin 1974). The bounce songs uttered by screech-owls during

duets exhibit significant individual and sexual variation (Cavanagh and

Ritchison 1987, Klatt 1992) and, thus, could be used to advertise the

presence and identity of a mated pair, confirm the identity of a mate, or

determine the sex of a prospective mate.

We found that bounce songs given by male screech-owls during duets

were typically longer than those uttered in non-duetting contexts. Previous

studies have revealed that bounce songs are used in both aggressive and

non-aggressive contexts (Ritchison et al. 1988). Cavanagh and Ritchison

(1987) reported that bounce songs given in response to playback (and,

therefore, presumably serving an aggressive function) had a mean duration

of 2.3 sec and consisted of an average of 32.3 notes. In contrast, bounce

songs given by screech-owls during duets in our study had a mean duration

of 3.8 sec and consisted of an average of 58.4 notes. Such differences

indicate that the message being conveyed by a screech-owl uttering bounce

songs depends in part on song length, with songs of increasing duration

conveying decreasing levels of aggression.

Although our study focused on intrapair communication, the duets of

male and female Eastern Screech-Owls also play a role in territory defense

(Smith et al. 1987, Ritchison et al. 1988). Paired Eastern Screech-Owls

defend territories throughout the year (Belthoff et al. 1993), and, in such

species, pair defense is probably the best defense against expansion by

neighboring territorial pairs (Farabaugh 1982).
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BREEDING SEASON DIET OF SHORT-EARED
OWLS IN MASSACHUSETTS

Denver W. Holt*

Abstract.— Short-eared Owl diet at Monomoy National Wildlife Refuge, Chatham, Mas-

sachusetts, was studied from 1982-1987. Pellet and carcass data yielded 3654 prey items;

2948 from the breeding season and 706 from the non-breeding season. Thirty-two prey

species from four taxonomic classes were recorded. Approximately 83.0% of the breeding

season diet was small mammals. Of these, 93.8% were meadow voles (Microtus pennsyl-

vanicus). Mammals represented 95.0% of the non-breeding season diet, with meadow voles

accounting for 97.9%. Prey per pellet averaged 1 .2 and 1 .0 for the breeding and non-breeding

seasons, respectively. Received 9 May 1992, accepted 24 Dec. 1992.

Short-eared Owls {Asio flammeus) are one the most widespread owl

species in the world (Burton 1973). Although there are numerous studies

of their diet (Clark et al. 1978), there is little data from the breeding

season. I know of only one published study (Clark 1975) which reported

>500 prey items during the breeding season. Here, I report breeding and

non-breeding season diet of Short-eared Owls over a five year period.

STUDY AREA AND METHODS

Monomoy National Wildlife Refuge is at the “elbow” of Cape Cod, Barnstable County,

Chatham, Massachusetts. The refuge is part of a barrier beach ecosystem that evolved from

eroding glacial deposits along outer Cape Cod (Giese 1981). At the time of study, the North

Island was 0.5 km from the mainland and with the South Island, they extended linearly

approximately 10.7 km south into the Atlantic Ocean.

North Island (126 ha) was approximately 2.7 km long and 0.5 km at its widest point.

Various types of upland habitat covered 64 ha (Norton et al. 1984), while 62 ha were

estuarine habitat (Cowardin et al. 1979, Tiner 1984). South Island (700 ha) was 8.0 km long

and 2.4 km at its widest point. Upland habitat covered 604 ha, and marine habitats covered

the remainder. South Island had fresh water ponds and the greater floral (Lortie et al. 1991)

and faunal diversity (Holt et al. 1985, 1987a).

Field seasons covered March through September 1982-1987 with few visits in fall and

winter. I defined the breeding season as March through July and non-breeding season as

August through February. Short-eared Owl pellets were identified and separated from sym-

patric Northern Harrier {Circus cyaneus) pellets using techniques described by Clark (1972)

and further refined by Holt et al. (1987b). Skulls and dentary remains were used to identify

and quantify mammalian prey from the owl pellets. Feathers, legs, maxilla, and mandibles

were used to identify and quantify avian prey from owl pellets. Bird carcasses found and

suspected of owl predation were investigated using techniques described by Nisbet (1975),

Nisbet and Welton (1984) and Holt (1987). Most vertebrates were identified as to species.

Invertebrates were identified to the closest taxonomic level possible using field guides. I

used Chi-square contingency analysis (Siegel 1956) to test for differences in proportions for

Crustaceans/Insects, Birds, and Mammals, among years and seasons.

' Owl Research Institute, P.O. Box 8335, Missoula, Montana 59807.
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RESULTS

I collected 3243 Short-eared Owl pellets (2539 breeding season and 704

non-breeding season pellets). Pellets were collected at favored roost sites

and scattered locations on the islands. I also recovered carcasses of 141

birds killed by the owls. Pooled pellet and carcass data yielded 3654 prey

items; 2948 from the breeding and 706 the non-breeding seasons (Tables

1 and 2). Thirty-two prey species were recorded from four taxonomic

classes; Insecta, Crustacea, Aves, and Mammalia. All scientific names are

in Tables 1 and 2. This is the largest sample of breeding season diet for

Nearctic Short-eared Owls yet reported.

There were highly significant differences in proportions of prey eaten

during the breeding season (x^ = 211.5, df = 10, P < 0.001). Approxi-

mately 83.0% of the breeding season diet was mammals, of which about

93.8% were meadow voles (Table 1). Birds represented 12.0% of the prey,

dominated by Common Terns and passerines (Table 1). Insects and crus-

taceans were numerically insignificant in the diet. Insect remains were

found in pellets from pre-fiedged but dispersed young owls (see Holt et

al. 1992). Prey per pellet averaged 1.2. Uncommon prey included Leach’s

Storm-Petrels (see Holt 1987), Common Terns, big brown bat, crabs, and

nestling Short-eared Owls (Table 1).

Far fewer prey species were eaten during the non-breeding season. The
proportions, however, were significantly different (x^ = 15.3, df = 4, P <
0.005). Mammals represented 95.0% of the diet, of which meadow voles

accounted for 97.9% (Table 2). Prey per pellet averaged 1.0.

Clearly, mammals were the dominant prey, and one mammal in par-

ticular, the meadow vole, was most frequently eaten. Terns were eaten

during three breeding seasons but then disappeared from the owls’ diet.

This was an artifact of the terns relocating colony sites (D. Holt, unpubl.

data).

DISCUSSION

Fisher (1893) reported one of the first samples of Short-eared Owl diet.

He analyzed 110 stomachs from Short-eared Owls collected at various

times of the year and concluded this owl was a small mammal specialist.

Since that time. Short-eared Owl diet studies have been biased for the

winter season (Clark et al. 1978). Clark (1975) believed this bias was due

to difficulty of locating scattered roosts and pellets throughout the owl’s

breeding territory. He also felt that nest sanitation by female owls reduced

the number of pellets found there. In this study, I was able to locate

consistently used Short-eared Owl roosts during the breeding and non-

breeding seasons.

I could locate only three published quantitative accounts of Short-eared
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Table 2

Non-breeding Season Diet of Short-eared Owls on Monomoy National Wildlife

Refuge, 1983-1987“

1983 1984 1985 1986 1987

Birds

Semipalmated Sandpiper 1

Black-bellied Plover

Rufous-sided Towhee 3

1

Dark-eyed Junco [Junco hyemalis)

Unidentified passerines

1

18 4 4 3

Sub-total 22 6 4 0 3

Percent total (8.4) (2.4) (8.9) (3.5)

Mammals

White-footed mouse 2 3 5

Meadow vole 237 241 36 61 82

Meadow jumping mouse 4

Sub-total 239 248 41 61 82

Percent total (91.6) (97.6) (91.1) (100.0) (96.5)

Grand total 261 254 45 61 85

Percent total 1983-1987

Birds 5.0%

Mammals 95.0%

“ Based on 706 prey items. Prey is from pellet contents and preyed upon avian carcasses.

Owl breeding season diet for the Nearctic. Errington (1937) reported

94.4% (N = 72) small mammals from Short-eared Owl diet in Iowa. Clark

(1975) reported >90.0% (N = 524) small mammals in the Short-eared

Owl diet during two breeding seasons in Manitoba, Canada. Within these

two seasons, meadow voles constituted 89.0% and 100.0% of the prey,

respectively. Wiebe (1991) reported >91.0% (N = 113) small mammals
from British Columbia, of which 83.2% were voles (Microtus). Prey per

pellet reported here was similar to that reported by Holt et al. (1987b).

Breeding season diet data is similar for Europe and is best summarized

by Mikkola (1983) and Cramp (1985). Additional information is still

needed to assess the breeding and non-breeding season trophic niche of

Nearctic Short-eared Owls.
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TROPHIC NICHE OF NEARCTIC
SHORT-EARED OWLS

Denver W. Holt'

Abstract.—The trophic niche of Short-eared Owls {Asio Jlammeus) was analyzed using

nine Nearctic studies reporting >500 prey items each. Of 20,416 prey items, 4136 were

from the breeding and 16,280 from the non-breeding seasons. The owls preyed upon at least

62 species from four classes of animals. Mammals constituted >95% of prey from all but

two sites. Food-niche breadth ranged from 1.23 to 5.20 (Jc = 1.87), for combined studies,

1.31 to 1.87 (.? = 1.50) for breeding, and 1.23 to 5.20 (x = 2.00) for non-breeding seasons.

Dietary evenness values ranged from 0.315 to 0.703 (Jc === 0.435), for combined studies,

0.331 to 0.404 (x = 0.365) for the breeding season, and 0.315 to 0.703 (Jc = 0.458) for the

non-breeding season. Estimated prey masses ranged between 28 and 325 g. Most prey,

however, weighed between 28 and 100 g. Short-eared Owls from coastal areas preyed more
on birds than those at inland sites. Received 9 May 1992, accepted 24 Dec. 1992.

Despite numerous studies of the diet of the Short-eared Owl {Asio

Jlammeus), there has been no quantitative review of their trophic niche

in the Nearctic zoogeographical region. Clark and Ward (1974) calculated

prey diversity for the Short-eared Owl, using the published literature but

did not state the criteria they used for assigning prey categories or go into

much discussion of its meaning. Here, I summarize the trophic niche of

Short-eared Owls from nine Nearctic studies.

My objectives were to (1) compare trophic niche among studies, (2)

compare trophic niche between breeding and non-breeding seasons, and

(3) estimate prey size.

METHODS

I defined the trophic niche as the relationship between the owls and their food. 1 followed

Marti’s (1987) definitions for trophic diversity where a broad food-niche breadth has high

prey species numbers which are nearly equally distributed and a narrow food-niche breadth

has few prey species numbers unequally distributed. I estimated trophic diversity by cal-

culating food-niche breadth and dietary evenness. I compared breeding season (N = 3) and

non-breeding season (N = 9) diets from studies with >500 prey items. 1 combined crus-

taceans, insects, and birds to the class level because species or genera were not always

identified. To compare trophic niche among studies, I used only mammals identified to

species. I did so because they represented >95.0% of prey from all but two studies. Food-

niche breadth (FNB) was calculated using the antilog of the Shannon-Wiener diversity index

because it is related linearly to the number of prey categories in the sample and is easy to

interpret (Marti 1987). Evenness was calculated using Alatalo’s (1981) modification of Hill’s

(1973) equation: Evenness = (Nj - 1)/(N, - 1), where N, = exp H' and Nj = 1/2 p^.

' Owl Research Institute, P.O. Box 8335, Missoula, Montana 59807.
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Percentages of Prey Classes

Table 1

IN North American Short-eared Owl Diets

# prey
Crusta-

Insects ceans Birds Mammals Source

Breeding season

2948 4.7 0.1 12.0 83.2 Holt (1993)

664 — — 1.4 98.6 Holt and Melvin (1986)

524 — — 1.7 98.3 Clark (1975)

Non-breeding season

4397 - 0.7 99.3 Banfield (1947)

3971 — — 0.6 99.4 Clark (1975)

2185 — — 0.7 99.3 Colvin and Spaulding (1983)

1489 — — 0.2 99.8 Craighead and Craighead (1956)

1337 — 0.1 1.1 98.8 Stegeman (1957)

1025 — — 1.2 98.8 Munyer (1966)

706 — — 5.0 95.0 Holt (1993)

640 — 4.8 15.8 79.4 Johnston (1956)

530 — — 1.1 98.9 Holt and Melvin (1986)

Evenness values range from zero to one. As prey proportions in the diet become more
equal, the evenness value approaches unity. I compared the FNB and evenness values from

breeding and non-breeding seasons among all studies (Mann-Whitney U-test, Sokal and

Rohlf 1981).

Among these studies, I used Spearman rank correlation (Siegel 1956) to examine the

relationship between number of mammalian species and FNB values. I did so to determine

if wider FNB values were associated with increased numbers of prey species in the diet.

Because ENB values can fluctuate with sample size and thus influence the results, I also

examined the relationship between number of prey items and FNB. I used body mass

estimates and size ranges of birds (Dunning 1984) and mammals (Burt and Grossenheider

1 976) to derive a relative size class of prey species eaten by the owls. Standard prey biomass

estimates were not calculated because of uncertainties associated with these calculations.

RESULTS

Data from nine studies yielded 20,416 prey items (Table 1) from six

U.S. states and two Canadian provinces. Approximately 80.0% of the

prey were from the non-breeding season. The owls ate at least 62 prey

species from four taxonomic classes: Insecta, Crustacea, Aves, and Mam-
malia (Table 1). Mammals constituted at least 79.0% of the prey from each

study. Only two studies reported <95.0% mammalian prey (Table 1).

The broadest food niche-breadth calculated (FNB = 5.20) was from

data in Johnston (1956). In this study, mammals constituted 79.4% of

the diet, of which voles accounted for only 42.5% (Table 2). Three other

mammalian species constituted the remainder, while birds represented
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Table 2

Percent of Dominant Prey Species and Total Percent Mammals, from Nine Sites

Dominant
species

Dominant
species

(%)

Total
mammals

(%) Source

Breeding season

Meadow vole 78.1 83.2 Holt (1993)

Meadow vole 95.2 98.6 Holt and Melvin (1985)

Meadow vole 96.8 98.3 Clark (1975)

Non-breeding season

Meadow vole 81.9 99.3 Banfield (1947)

Meadow vole 96.0 99.4 Clark (1975)

Meadow vole 95.4 99.3 Colvin and Spaulding (1983)-

Meadow vole 87.7 99.8 Craighead and Craighead (1956)

Meadow vole 97.2 98.8 Stegeman (1957)

Meadow vole 93.1 95.0 Holt (1993)

Meadow vole 93.6 98.9 Holt and Melvin (1985)

Deer mouse 70.3 98.8 Munyer (1966)

California vole 42.5 79.4 Johnston (1956)

15.8%. The only non-microtine mammalian prey to dominate a study

was Peromyscus with >70% occurrence (Munyer 1966, Table 2). Munyer
felt that snow accumulation forced Microtus to become subnivean, where-

as Peromyscus remained active on the snow surface. The number ofmam-
malian prey species per study ranged from three to eight (x = 5.42, SD
± 1.90).

In general, the owls preyed upon only a few species of mammals, and

usually a vole species dominated (Table 2). Overall, FTNB values ranged

from 1.23 to 5.20 (x = 1.87, SD ± 1.12). Food niche-breadth values for

the breeding season (range = 1.31 to 1.87, x = 1.50 SD ± 0.32, N = 3)

and non-breeding season (range = 1.23 to 5.20, x = 2.00, SD ± 1.28, N
= 9) were similar (Table 3). The medians were not significantly different

(Mann-Whitney f/-test). Evenness values ranged from 0.315 to 0.703 (.v

= 0.435, SD ± 0.127), for all studies. Evenness values for breeding and

non-breeding seasons ranged from 0.33 1 to 0.404 (x = 0.365, SD ± 0.036,

N = 3), and 0.315 to 0.703 {x = 0.458, SD ± 0.139, N = 9) (Table 3).

The medians were not significantly different (Mann-Whitney L^-test).

There was a strong positive relationship between the number of mam-
malian species in the diet and FNB values = 0.842, P < 0.001). There

was a weak negative relationship {f\ = -0.335, T > 0. 1 0) between number

of prey items and FNB values, which suggested that sample sizes were

not influencing the results.

Prey size ranged from < 1 g (insects) to approximately 325 g (medium-



500 THE WILSON BULLETIN • Vol. 105, No. 3, September 1993

Table 3

Trophic Parameters from Nine Studies

Number
of prey FNB Evenness Location Source

Breeding season

2948 1.32 0.404 Massachusetts Holt (1993)

664 1.31 0.331 Massachusetts Holt and Melvin (1986)

524 1.87 0.362 Manitoba Clark (1975)

Non-breeding season

4397 1.66 0.645 Ontario Banfield (1947)

3971 1.23 0.369 New York Clark (1975)

2185 1.26 0.381 Ohio Colvin and Spaulding (1983)

1489 1.62 0.458 Michigan Craighead and Craighead (1956)

1337 1.83 0.315 New York Stegeman (1957)

1025 2.69 0.539 Illinois Munyer (1966)

706 1.14 0.360 Massachusetts Holt (1993)

640 5.20 0.703 California Johnston (1956)

530 1.39 0.358 Massachusetts Holt and Melvin (1986)

sized mammals and birds). The medium-sized mammals, eastern cot-

tontail {Sylvilagus floridanus) and muskrat {Ondatra zibethicus) rarely

occurred in the diet, were juveniles, and probably weighed <325 g. The
majority of prey weighed from 28 to 100 g, with Microtus dominant in

all but one study (Table 2). The three dominant prey species from each

study, meadow vole, California vole {M. californicus), and deer mouse
(Peromyscus maniculatus) (Table 2), ranged in mass from 28 to 70 g, 42

to 100 g and 18 to 35 g, respectively.

Birds were not a major portion of the owl diets, although many species

were eaten. Coastal and island Short-eared Owls (e.g., Johnston 1956,

Holt 1993) ate more birds than Short-eared Owls at inland sites (Table

1). Body masses of avian prey eaten by the owls were divided into groups

and ranged from: 11 to 106 g, passerines; 34 to 40 g, petrels; 20 to 230

g, shorebirds; 120 g, terns; and 271 to 323 g, rails (Dunning 1984). No
weights were reported for nestling gulls. Most avian prey were passerines.

DISCUSSION

Short-eared Owls are generally considered to prey on small mammals
of which usually one or two species predominate. The data herein support

the conclusion that these owls are small mammal specialists having a

narrow food-niche breadth with few exceptions.

Other open country owls such as the Barn Owl {Tyto alba) (Marti 1988),



Holt • SHORT-EARED OWL TROPHIC NICHE 501

Long-eared Owl {Asio otus) (Marti 1976), and Snowy Owl {Nyctea scan-

diaca) (Watson 1957), have a similar trophic structure as the Short-eared

Owl. In areas where microtines were uncommon, however. Long-eared

Owls fed on a wide variety of non-microtine prey (Marti 1974, Marks
1984). Mikkola (1983) also reported Short-eared Owls in Europe have a

wider trophic niche when microtines were scarce or unavailable.

In other Nearctic coastal sites, results are similar to those reported here.

In two consecutive seasons. Page and Whitacre (1975) reported 51.7% (N
= 257) and 88.0% (N = unknown) birds in the Short-eared Owl diet.

Tomkins (1936) reported 27.0% (N = 138) and Fisler (1960) 24.0% (N
= 170) birds in the Short-eared Owl diet. Outside the Nearctic, on the

Galapagos Islands, seabirds were the major prey of breeding Short-eared

Owls (Abs et al. 1965, Harris 1969, Grant et al. 1975, De Groot 1983).

The narrow trophic niche of Short-eared Owls probably reflects several

factors such as prey diversity, distribution, abundance, and availability

through space and time. These factors could act independently or in

combination. Abiotic factors affecting plant communities, which in turn

influence prey communities, may also contribute to trophic diversity by

affecting the above (Herrera 1974). In open habitats frequented by Short-

eared Owls, one very common prey species usually occurs— most often a

vole. The Short-eared Owls’ narrow FNB may simply reflect where they

most often forage. The Short-eared Owl appears to be a food “specialist.”

But, as suggested by Marti (1988) for Common Barn-Owls, Short-eared

Owls may simply feed opportunistically in areas where prey species di-

versity is low, or they may be habitat specialists. Thus, these factors could

all contribute to a narrow FNB.
The diversity equations presented here allow data to be computed into

single values which can be compared from between studies and geographic

areas (Hill 1973). Niches are multidimensional, however, and trophic

dimensions are only one component.
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HOUSE SPARROW RESPONSE TO MONOFILAMENT
LINES AT NEST BOXES AND
ADJACENT FEEDING SITES

Patricia A. Pochop,' Ron J. Johnson,' and Kent M. Eskridge^

Abstract.— Previous studies show that House Sparrows {Passer domesticus) are repelled

from feeding sites by monofilament lines spaced 30 or 60 cm apart. We examined House

Sparrow response at nest boxes using monofilament lines placed around the boxes about

37 cm apart. During 1990, we installed 73 control and 73 line-treated boxes (lines held by

wire prongs) and in 1991, 60 control, 60 prong + line treated, and 60 hoop -I- line treated

(lines held by wire half-hoops). During 1990, the lines delayed initial acceptance of nest

boxes, which reduced time for renesting attempts and subsequently reduced the number of

fledglings produced per nest box. Breeding success, however, did not differ. Over winter

House Sparrows used both control and treated boxes for night roosting. During the 1991

nesting season. House Sparrows used more control boxes for egg laying than hoop + line

treatments, but otherwise, control and treatment results were similar. House Sparrows nest-

ing in line-treated boxes were repelled by lines placed over nearby feeding sites, a situation-

specific response. Lines may repel House Sparrows from feeding sites because of predation

risk and need for rapid escape but not from nest sites, which are selected in secure locations.

Received 31 Aug. 1992, accepted 4 Feb. 1993.

Widely-Spaced lines or wires have been used to repel certain gull and

waterfowl species from fish ponds, reservoirs, public places, crop fields,

and landfills (Pochop et al. 1990). Recently, Agiiero et al. (1991) and

Kessler (1991) found that monofilament lines placed over or around feed-

ing stations consistently repelled 95-99% of House Sparrows {Passer do-

mesticus) in winter and about 80-90% in summer, while most other

associated species were not repelled. The reduced repellency in summer
appears to be related to the presence ofjuveniles and possibly to reduced

wariness in adults because oftime-energy constraints (Agiiero et al. 1991 ).

The technique appears to affect only certain species and the repellency

appears to persist, even in no-choice trials where control and treatments

are offered independently (Kessler 1991). However, yet unstudied was

House Sparrow response to lines at nest sites, which might result in

management implications, such as preventing House Sparrows from nest-

ing in or on structures, and possibly selectively excluding House Sparrows

from nest boxes used by more desirable species. Therefore, we evaluated

whether monofilament lines would repel House Sparrows from nest boxes

during the breeding season or during winter. Additionally, if House Spar-

rows nested in boxes with lines, we wanted to determine their reproductive

' Dept, of Forestry, Fisheries and Wildlife, Univ. of Nebraska, Lincoln, Nebraska 68583.

^ Dept, of Biometry, Univ. of Nebraska, Lincoln, Nebraska 68583.
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success and whether these same sparrows would avoid lines at adjacent

feeding sites.

STUDY AREA AND METHODS

The study was conducted during 1990 and 1991 at the Univ. of Nebraska-Lincoln (UNL)
agronomy farm and UNL east campus, which included a poultry complex, a horticulture

garden, and an old barn area. In 1991, we also used three barns at the State Fair grounds

in Lincoln. We made nest boxes from four 1.9 liter milk cartons (Fig. lA, Pochop and

Johnson 1993). During both years, three wire prongs (prong + line treatment; Fig. IB) were

used to hold lines about 18 cm from nest boxes and about 37 cm apart. During 1991, we
also used wire half-hoops (hoop + line treatment; Fig. 1C) to hold lines in place, a modi-

fication from Kessler (1991). Nest boxes were installed on buildings or fence posts at least

2 m above the ground, and at least 3 m apart (North 1973, Indykiewicz 1990). From 10-

15 February 1990, we installed 146 nest boxes and randomly assigned prong F.line treat-

ments to half of them and control to the other half. Nest boxes remained up during winter

to determine roosting use. From 5-18 February 1991, to accommodate the new treatment,

we removed all 146 of the original nest boxes and randomly reinstalled 120 of them with

60 new boxes, using the 1990 box locations except where physical conditions or inacces-

sibility made the spot inappropriate. The control, prong + line, and hoop + line treatments

were then randomly assigned to 60 nest boxes each (40 original, 20 new), with equal pro-

portions within sites.

Nest boxes were monitored every five days during the nesting seasons from 17 March

through 6 September 1990 and from 2 April through 9 September 1991. Before looking

inside, we lightly tapped nest boxes to chase out adult birds (North 1970). We recorded the

amount of nest material, the number of eggs and nestlings, and approximate nestling ages

(Weaver 1942). We defined a successful clutch as one that fledged at least one bird. Nestlings

surviving to at least 13 days were assumed to have fledged. We checked for winter roosting

every seven days from 9 December 1990 through 1 1 March 1991, weather permitting (12

times total), beginning directly after sunset. We approached nest boxes quietly, lifted the

top, and recorded the bird(s) present.

For binary variables (e.g., presence or absence ofeggs), we compared the number ofcontrol

versus treatment nest boxes used for a particular activity using 2x2 contingency tables

with treatment as one factor and response (-1- or -) as the other. We then analyzed the

tables using chi-square analysis (Snedecor and Cochran 1967). For quantitative variables

(e.g., eggs, nestlings, or fledglings per nest box), control versus treatment means were analyzed

using two-tailed /-tests (Steel and Torrie 1 980). Sites were analyzed separately and combined,

but because of low statistical power using individual sites and the overall similarity among

sites in pattern of results, we present only combined data (Pochop 1991).

During 1990 (8-13 June), we assessed nesting House Sparrow use of feeding stations by

direct observation and by a red fluorescent dye marker (Lemen and Freeman 1985) placed

on perches of occupied nest boxes with lines. To provide a surface for the dye, we attached

wood lath perches (20 x 3.7 x 0.7 cm) covered with upholstery fabric to the dowel perch

on all nest boxes. Only line-treated nest boxes that were 'A or more full of nesting material

had dye put on the perch, a total of 44. The dye was put out after sunset on days zero (7

June), one, two, and four. Ten feeding stations were constructed from wood, 60 x 60 cm

with a 4-cm-high outside edge, and lined with muslin to accumulate dye transferred by the

birds. These stations were placed on the ground in pairs 3 m apart, one pair each at the

agronomy farm, horticulture garden, and bam area, and two pairs at the poultry complex.

All stations were in place for four days prior to the experiment and all were baited daily
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A. CONTROL

-37 CM

Fig. 1. Nest boxes had wooden dowels (1.2 cm dia., 122 cm long) attached to facilitate

installation on buildings or fence posts. The wooden dowels (A) supported the 14-gauge

wire prong (B) or hoop (C) attachments, which in turn held the monofilament lines (5.4-kg

test) approximately 37 cm apart and about 18 cm from the box.

with 200 g of finely-cracked com. Monofilament lines were installed 60 cm apart and 17

cm above (Agiiero et al. 1991) one of the two stations in each pair, and treated and control

stations were switched after the first three days. We collected the muslin at the end of each

day and counted the number of squares with dye marks (dye-grids) using a L27-cm mesh
hardware cloth as a grid and a UV lamp (Model ML-49, UVP Inc., San Gabriel, California).

We also directly observed birds on feeding stations at two of the five sites, the agronomy

farm and poultry complex-one. We recorded the number and species of birds present each

day in four 1 5-min intervals randomly selected from sunrise to 3 h after (Agiiero et al. 1991).

Cloths on the trays at these stations were changed 3 h after sunrise and another 200 g of

com were added. Thus, the 3-h observation results could be compared to the same 3-h

interval of dye-grid results. All other sites had the cloths on the trays for the entire day. All

feeding stations had the cloths changed each night after sunset.

Data collected included bird observations and dye-grids counted during the 3-h morning

period, and the daily total (morning included) number of dye-grids. For a single site, the

experimental design was a 2 x 2 Latin square with station and period (days 1-3 or 4-6) as

blocking factors. Each station-period combination was an experimental unit. Data were
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Table 1

Percentage of House Sparrow Nest Boxes with Nest Materials, Eggs, and
Successful Clutches, 1990 and 1991 Nesting Seasons

Nest boxes with:

Year Treatment
Number
of boxes

Nest
materials Eggs

Successful

clutches-*

1990 Control 73 96 70 53

Prong + line 73 92 47 29

P-value*’ 0.302 0.004 0.002

1991 Control 60 87 80 65

Prong + line 60 83 75 70

P-value^ 0.609 0.512 0.559

Hoop + line 60 85 63 55

P-value'^ 0.793 0.043 0.264

•' A clutch that fledged at least one bird.

•’ P-values for control versus treated nest boxes (df = 1) were determined using chi-square.

combined across sites and analyzed using a replicated Latin square analysis of variance

(ANOVA) (Neter and Wasserman 1974), which allowed testing for site by treatment inter-

actions.

RESULTS

House Sparrows used boxes with and without lines at all sites both

years. The proportion of control versus treated boxes with nest materials

did not differ either year {P > 0.302, Table 1). However, during 1990

more control than prong + line boxes had eggs {P = 0.004), and controls

subsequently had more boxes with successful clutches {P = 0.002). House

Sparrows initiated hrst clutches a mean of 24.6 days earlier in control

boxes during 1990 than in prong + line-treated boxes {P = 0.0001), and

controls had more boxes with at least three clutches {P = 0.0002). During

1991, there was no difference between control and prong + line treatments

in the proportion of boxes with eggs (/^ = 0.512) or successful clutches {P

= 0.559), but a lower proportion of hoop + line boxes had eggs (F =

0.043). Mean date of first clutch initiation in 1 99 1
(F > 0.399) and number

of boxes with at least three clutches (F > 0.122) did not differ.

During 1990, there were greater mean numbers of clutches, eggs, nest-

lings, and fledglings in control than in treated boxes (F < 0.055, Table

2), but these differences did not occur in 1991 (F > 0.468). Further, during

both 1990 and 1991, the mean number of eggs per clutch and the per-

centage of eggs that hatched (hatching success), nestlings that fledged

(fledging success), or eggs that produced fledglings (breeding success) did

not differ between the control and treated boxes (F > 0.078, Table 2).
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Table 3

House Sparrow Visits Observed and Dye-marked Grids Counted on Feeding

Stations from Three-hour Morning Sampling Intervals (two sites) or from

Daily Total Data (five sites)

Method Treatment'' Mean Range

Early morning

Bird visits Control 105.2* 44-198

Lines 13.7 0-53

Dye-grids Control 479.9* 0-2070

Lines 149.1 0^04

Daily totals

Dye-grids Control 531.7* 0-2770

Lines 131.2 0-803

Control versus line treatments were compared, sites combined, using replicated Latin square ANOVA.
* Control differed from lines (P < 0.003).

Only House Sparrows used the boxes for winter roosting. The propor-

tions of control versus treatment boxes used per night showed no con-

sistent pattern and, with one exception, did not differ before {P > 0.152)

nor after (prong + line: P > 0.461; hoop T line: P > 0.362) the 5-18

February addition of hoop + line boxes. The one exception (4 February),

apparently an anomaly, showed greater use of control than of prong +
line boxes {P = 0.026). Prior to 4 February, House Sparrows used a mean

of 46.4 boxes per night (range: 35-67), 55% in control and 45% in prong

+ line. After 18 February', House Sparrows used a mean of 34.8 boxes

(range: 32-37), 32% in control, 30% in prong + line, and 38% in hoop

+ line.

Feeding station results using the dye method showed site by treatment

interactions {P < 0.006), but there was no crossover interaction: at all

sites, counts on control were higher. Bird count data had no site by

treatment interactions {P = 0.124). Thus, means averaged over all sites

were used to estimate treatment differences with both methods. Results

from morning observations {P = 0.000
1 ), morning dye-grids {P = 0.003),

and daily-total dye-grids {P = 0.0001) consistently showed higher counts

on control than on treated stations (Table 3). Direct morning observations

indicated that 88% of all House Sparrow visits were at control feeding

stations; morning and daily-total dye-grid counts indicated 76% and 80%,

respectively. House Sparrows accounted for 99.4% of all birds observed

on feeding stations at the poultry complex and were the only bird species

observed on feeding stations at the agronomy farm. We saw no evidence

that using the dye on nest box perches affected House Sparrow nesting

activity (Pochop 1991).
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DISCUSSION

Our initial question was whether lines would deter House Sparrows

from using nest boxes. The lines were installed at the same time as nest

boxes so that House Sparrows would have no experience with the nest

box or prior motivation to pass through the lines. However, in both 1990

and 1991, House Sparrows nested in treated as well as control nest boxes,

and during winter, they roosted in both. However, during the first year,

lines delayed clutch initiation and had other related effects on reproductive

success. During 1991, reproductive success did not differ between control

and treated nest boxes except that a lower proportion of hoop + line

boxes had eggs laid.

Our nesting results are within ranges reported from other studies of

House Sparrows. North (1970, 1973) found nest materials in 86% and

eggs in 30-34% of nest boxes in Wisconsin, and 92% of Lowther’s (1983)

nest boxes were used at least once. Salaet and Cordero (1988) had clutches

in 2-44% of boxes in Spain, and Ivanov (1987) reported nest box occu-

pation (boxes with broods) of6-12% at one site and 36.7-4 1.7% at another

in Bulgaria. Breeding success rates of 31% (North 1973), 70.5% (Weaver

1942), 50-68% (Ivanov 1987), and 45% (Salaet and Cordero 1988) have

been reported. The large variation in nest box use and reproductive success

among sites may have been related to availability and/or quality of food

or nest sites; competition from other box-nesting species present; dep-

redations by predators; and/or nest disturbances (Anderson 1990, North

1973).

The lower success of the 1990 prong -f line treatment, due in part to

later occupation and less renesting than in control boxes, might have

resulted from use ofprong + line boxes by inexperienced or lower-ranking

birds. It has been shown that first-year birds start nesting later than do

older adults (Selander and Johnston 1 967, Seel 1 968a), lay slightly smaller

clutches (Seel 1968b), make use of inferior sites, and have less experience

(Summers-Smith 1988). Alternatively, it is possible that initial avoidance

of monofilament lines was eventually overcome by the need to find a

suitable nesting site. This is consistent with observations of House Spar-

row avoidance of novel stimuli within a familiar environment (Rana

1989). Similarly, the lower use of hoop + line boxes for egg laying during

1991 might also have resulted because the hoop + line treatment was

somewhat novel. House Sparrows were accustomed to control and prong

+ line boxes because they were left up through the winter.

Our feeding station results using both direct observation and dye-grid

counts are comparable to earlier findings from summer (Agiiero et al.

1991, Kessler 1991). Our results show that House Sparrows used nest

boxes with lines but avoided lines at nearby feeding sites, a situation-
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specific response. One possible reason for this behavior is that nest sites

may be selected because they are secure from predation (Indykiewicz

1990). House Sparrows often abandon nest boxes from which they are

captured (North 1970, Pinowski et al. 1973) and avoid boxes that are

lower than 2 m high (North 1973, Indykiewicz 1990). In contrast, feeding

occurs where food is located, often in open sites where the risk ofpredation

exists. House Sparrows tend to be alert and wary birds and are among
the first to take flight from feeding areas (Dennis 1978). Thus, at feeding

sites, lines may interfere with the need for rapid escape, whereas at nest

boxes exits may be more deliberate and lines around the box not viewed

as an obstruction. The avoidance of feeding stations with lines and the

concurrent use of nest sites with lines has been documented only in the

House Sparrow. Ring-billed Gulls {Larus delawarensis) have been repelled

from both nesting and feeding areas by lines (Blokpoel and Tessier 1983,

1984), and preliminary evaluations indicate that Barn Swallows {Hirundo

rustica; J. E. Knight, pers. comm.) and Cliff Swallows (//. pyrrhonota; T.

E. Lassek, unpubl. data) were repelled from nesting on structures by certain

line treatments. However, unlike House Sparrows nesting in protected

cavities, the Ring-billed Gulls were nesting in open areas subject to pre-

dation, and the swallow nests were attached to outer parts of structures.

Although lines did not repel House Sparrows from nest boxes, they

apparently caused an initial delay in use of newly-erected boxes. Further

study might develop this result as a method to help other cavity nesters

initiate and more successfully defend nests from House Sparrows, assum-

ing that the other species were unaffected. The potential value of lines as

a management tool to discourage House Sparrow roosting in trees or on

structures remains unknown, but results to date indicate potential for use

in open trees where House Sparrows would be exposed to predation risk.
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SHORT COMMUNICATIONS

Additional observations on the birds of the Exumas, Bahama Islands.—The avifauna of

the Exumas has been recently reviewed by Buden (1992) who listed 125 species. The present

study covers 5 1 species, adding ten nonbreeding visitors new to the list (indicated by *)

breeding records for 1 1, including the first for the Snowy Plover {Charadrius alexandrinus)

and American Oystercatcher (Haematopus ostralegus) in the Exumas, new late dates for

migrants, and new locality records for poorly known species. This report is based largely

on observations by R. Sutherland (RS) during 30 March-2 May 1988 and 13 March-3 May
1992, and A. Sprunt (AS) who spent 79 days visiting islands throughout the chain during

17-19 May 1979, 17-20 May 1981, 12-27 May 1983, 17-19 May 1984, 10-19 and 24-27

May 1985, 9-12 and 22-23 May 1986, 24-28 January and 2-4 February 1988, 6-1 1 and

19-20 May 1988, 18-20 August 1989, 1 1-18 and 25-26 May 1991, and 9-12 May 1992.

Information on previously reported records is from Buden (1992) unless stated otherwise.

The islands mentioned in this report that are not identified as to location in the species

accounts or in Buden’s (1992) map are Lobster Cay (between Highbome Cay and Norman’s

Cay), Saddle Cays (south of Cistern Cay), White Bay Cay (between Waderick Wells Cay
and Halls Pond Cay), South Sandy Cay (west ofBig Major’s Spot), South Gaulin Cay (between

Bitter Guana Cay and Great Guana Cay), Big Farmer’s Cay (southeast of Little Farmer’s

Cay), Big Galliot Cay (south of Big Farmer’s Cay), Little Darby Island, Salt Cay, and Lignum
Vitae Cay (all just east ofDarby Island), Square Rock Cay and Glass Cay (offthe northeastern

coast of Great Exuma), and Channel Cay (off the east-central coast of Great Exuma, NE
Moss Town, and not to be confused with Channel Cays near Rocky Dundas). Bell Island

and Little Bell Island are known also as Bells Cay and Little Bells Cay, respectively.

Audubon’s Shearwater (Puffinus Iherminieri).— Nine incubating and many heard calling

at dusk at Twin Cays on 30 March 1992 [eggs and shell fragments but no young during

return visits on 17 and 25 April, and some adults heard calling on 2 May], and another

incubating on South Sandy Cay, 25 April 1992 (RS); 15 pairs with eggs and young (the

largest ones approximately half-grown) on Sail Rocks, 10 May 1986 (AS). Probable breeders

include 2-4 heard calling at dusk on Sandy Cay on 22 March and ca six on 22 April 1992,

and others on Little Cistern Cay, 2 April 1992 (RS).

Northern Gannet {Moms bassanus)*-'Yv<io subadults were seen off the eastern coast of

Halls Pond Cay by Susan Sprunt on 7 May 1988.

Brown Pelican (Pelecanus occidentalis).—To the scanty list of Exuma records we add

singles observed at Staniel Cay on 29 April 1988 (RS), Waderick Wells Cay in mid-April

1992 (L. Albury, park warden), and at Conch Cut (vicinity of Rocky Dundas) on 1 May
1992 (RS).

Magnificent Frigatebird (Fregata magnificens).— Seen regularly at Sail Rocks (AS), the 45

roosting on 8 May 1981 being the largest group encountered in the Bahamas by the authors

outside the breeding colony on Cay Verde observed by AS.

Great Blue Heron (Ardea herodias).—One was seen on Waderick Wells Cay on 27 January

1 988 and another on Shroud Cay on 9 May 1 992 (AS); singles (mainly) and up to six together

were seen on Lee Stocking Island, and Little Wax, Shroud, Hawksbill, Little Cistern, Com-
pass, Big Galliot, and Square Rock cays during 16 March-5 April 1992, and 12 on Great

Guana Cay on 10 April and one on Little Bell Island on 17 April 1992 (RS). Previous

Exuma records also are mainly March-April suggesting status predominately as a transient.

Great Egret {Casmerodius albus).—One seen on Pipe Cay, 28 April 1992 (RS). Few
previous records and status uncertain.

514



SHORT COMMUNICATIONS 515

Snowy Egret {Egretta thula).—One was seen on Allen’s Cay, 13 May 1983 and two on
Shroud Cay on 9 May 1992 (AS), and 1-^ each on Big Farmer’s, Waderick Wells, and
Slaniel cays during 19-29 March 1992, and 10 on Bitter Guana C'ay, 1 1 April 1988 (RS).

These and other (mainly March and April) records suggest E. thula is predominately a

transient in the Exumas.

Little Blue Heron {E. caerulca).— Single birds were seen on Waderick Wells Cay and
Lobster Cay during 23-26 March 1992, ten on Shroud Cay on 3 April 1992, and others on

Great Guana Cay on 9 April and Shroud Cay on 20 April 1988 (all RS). The preponderance

of March and April sightings suggests E. caerulea is mainly a transient in the Exumas.

Cattle Egret {Bubiilcus /T)/^).— Observed on Norman’s (10 birds). Shroud (8), Cistern (3),

Saddle (4), and Staniel (6) cays during 24 March-1 1 April 1992, and on Great Guana Cay

(5) and Wax Cay (16) on 9 and 21 April 1988, respectively (RS). Possibly breeding in the

Exumas, but very few summer records.

Green-backed Heron {Biitorides striatus).—A nest with two chicks was seen on South

Gaulin Cay, 6 April 1988 (RS).

Yellow-crowned Night-Heron {Nyctanassa violacea).— ¥our pairs were nesting on 6 April

1988 and four adults and 12 empty nests were observed on 20 March 1992, all on South

Gaulin Cay (RS), and one adult was in a nest with two eggs and one recently hatched young

on Long Cay, 26 May 1983 (AS).

Osprey {Pandion haliaetus).—A nest with two young and one adult was seen on the

southern tip of Bitter Guana Cay on 20 March 1992 (RS).

Snowy Plover {Charadrius alexandrinus).— Ons^iecihed numbers were seen on White Bay,

Sampson, Little Bell, and Twin cays during 8 April-2 May 1 992 (RS), and one downy young

accompanied by an adult at an inland salt flat near Farmer’s Hill, Great Exuma on 12 May
1 992 (AS) is the first breeding record for the Exumas.

Wilson’s Plover (C. wilsonius).—A nest with three eggs was seen on Norman’s Cay on 1

1

May, and another with two eggs on Leaf Cay (east of Norman’s Pond Cay) on 17 May 1991

(AS). Recorded “year-round” on Lee Stocking Island, but one seen on Waderick Wells Cay

on 27 January 1988 (AS) is the first documented winter sighting.

Piping Plover (C. melodus).*— One was seen on Leaf Cay (Allen’s Cays), 25 January, two

on Waderick Wells Cay, 27 January and (different birds?) 19 August 1988 (AS), and two

others on South Gaulin Cay on 20 March 1992 and another on South Sandy Cay, 10 April

1988 (RS).

American Oystercatcher {Haemalopus ostralegus).— One nest containing two eggs on Salt

Cay on 16 May 1985 (AS) is the first breeding record for the Exumas.

Black-necked Stilt {Himantopus mexicanus).— Eleven seen in Rolletown Pond, Great

Exuma on 3 February 1 988 (AS) are the first winter records of this common summer breeder

in the Exumas.

Solitary Sandpiper (Tringa solitaria).*— One was seen on Compass Cay, 29 April 1992

(RS).

Spotted Sandpiper {Actitis macularia).—One was seen on Staniel Cay on 2 May 1992

(RS), and others on Leaf Cay (east of Norman’s Pond Cay) on 15 May 1985, Little Bell

Island on 18 May 1983, and Shroud Cay on 15 and 16 May 1983 (AS). The previous late

date for the Exumas was 25 April.

Dunlin (Calidris alpina)*— A flock of 40 was seen in a salt pond on Little Exuma, 3

February 1988 (AS).

Short-billed Dowitcher {Limnodromus griseus).—To the scanty list of Exuma records we

add a small flock seen on Duck Cay (west of Georgetown, Great Exuma) on 16 May 1979,

and sightings on Waderick Wells Cay, 19 May 1979, 26 May 1983, and 15 on 19 August
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1988 (AS). Fifteen “dowitchers” (probably L. griseus) were seen on Glass Cay on 16 March

and three others on South Gaulin Cay, 20 March 1992 (RS).

Laughing Gull (Larus atricilla).— \Jp to 300 pairs were nesting in the Sail Rocks-Ship

Channel Cays region on several visits during 1986-1992, with eggs observed at Sail Rocks

on 9 May 1986 and again on 25 and 26 May 1991 when they were being taken by islanders

off a Spanish Wells (Eleuthera) fishing boat (AS).

Ring-billed Gull (L. delawarensis).*—One immature was seen on Shroud Cay, 1 1 May
1985 (AS).

Roseate Tern {Sterna dougallii).— B\xden {\992) reported S. dougallii scarce in the vicinity

of Great and Little Exuma, but AS observed up to 150 together in feeding flocks among
outlying cays during several summer visits, 1985-1991.

Bridled Tern {S. anaethetus).— Seen almost daily among many ofthe smaller cays through-

out the Exumas in May 1979-1991, and one egg was found on a rocky islet off Little Bell

Island on 25 May 1983 (AS). Reported as scarce by Buden (1992).

Sooty Tern {S. fuscata).— \n the southern Exumas, ca 750 pairs nested on Little Darby

Island, Salt Cay, and Lignum Vitae Cay on 16 May 1985, and others on two rocky islets

just north of Norman’s Pond Cay in May 1985 and 1991, and ca 600 pairs on Channel Cay
(offGreat Exuma) on f 8 May 1985 (AS). All previous records are from the northern Exumas
to as far south as Channel Cays (near Rocky Dundas).

Brown Noddy {Anous stolidus).— \n the southern Exumas, ca 100 nested on Little Darby

Island, Salt Cay, and Lignum Vitae Cay on 16 May 1985, others on two rocky islets just

north of Norman’s Pond Cay in May 1985 and 1991, on islets in Rudder Cut (south of

Rudder Cut Cay) and between Darby Island and Bock Cay on 16 May 1985, and ca 250

pairs on Channel Cay (off Great Exuma) on 18 May 1985 (AS). Sooty and Noddy terns both

were seen on Channel Cay also in May 1991, but at a distance from a boat and numbers

were not estimated (AS). All previous records are from the northern Exumas to as far south

as Staniel Cay.

Yellow-billed Cuckoo {Coccyzus americanus).—One was seen on Great Guana Cay on 9

April, another on 22 April 1 988 (RS). The few other Exuma records are “October,” “winter,”

or undated.

Barn Owl {Tyto alba).—One seen on Lobster Cay on 21 April 1988 (RS) is the fifth record

for the Exumas, one of the previous four being only a single feather.

Common Nighthawk {Chordeiles minor).*— One was heard calling on Staniel Cay, 12

April 1988 (RS).

Chuck-will’s-widow {Caprimulgus carolinensis).— Bnden (1992) reported the first records

for the Exumas and remarked on status in the West Indies. Additional Exuma records are

two on Waderick Wells Cay in April 1988 and two heard calling on 21 April 1992, and one

seen and another heard at White Bay Cay, 8 April 1992 (all RS).

Chimney Swift (Chaetura pelagica).*—Two were seen at Allen’s Cays on 22 April and

two on Bitter Guana Cay, 1 May 1988 (RS).

Bahama Woodstar (Calliphlox evelynae).—A nest with one egg, ca 1.5 m high and at the

tip of a branch of a Casuarina tree on a beach at Bell Island was seen on 30 March 1988

(RS).

Yellow-bellied Sapsucker (Sphyrapicus varius).—A female observed feeding at drill holes

in Casuarina at Norman’s Cay on 4 April 1992 (RS) is the second confirmed sighting for

the Exumas.

Purple Martin {Progne subis).—Two seen on Compass Cay on 1 0 April 1 992 (RS) represent

the second record for the Exumas.

Tennessee Warbler {Vermivora peregrina).*—Two were seen on Compass Cay, 29 April

1992 (RS).

Northern Parula {Parula americana).— F'\ye were seen on Great Exuma on 3 February
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1 988 (AS) and one on Compass Cay, 29 April 1 992 (RS). Recorded in the Exumas previously

only as an occasional fall and spring visitor in the Lee Stocking Island-Cireat Exuma region.

Cape May Warbler {Dendroica tigrina).— Sewcrd\ were seen on Great Exuma, 3 February

1988 (AS). No other winter records specified as to date, but reported as less common in

winter than spring or fall in the Lee Stocking Island-Great Exuma region. Many sightings

throughout the chain during March-April 1988 and 1992 (RS), the late date being 1 1 May
1992 on Little Farmer’s Cay (AS).

Black-throated Blue Warbler {D. caerulescens).—One was seen on Halls Pond Cay on 1

1

May 1985, and another on Staniel Cay on 10 May 1992 (AS). The previous late date for

the Exumas was 25 April.

Yellow-throated Warbler {D. doniinica).— Several seen on Great Exuma on 3 February

1988 (AS) are the hrst winter records for the Exumas.

Prairie Warbler {D. discolor).—AS saw many on Great Exuma on 3 February 1988, and

RS saw 1-6 on each of five different islands during 9-22 April 1988 and 1-3 on four islands

during 17 March-22 April 1992. The few previous Exuma records are December or are

undated.

Palm Warbler {D. palniarum).— Numerous records for the Exuma Cays, but recorded for

the first time on Great Exuma by AS who saw many on 3 February 1988.

Blackpoll Warbler {D. striata).—One was seen on South Gaulin Cay on 2 April 1988, and

two others on Compass Cay on 29 April 1992 (RS), and single birds were observed on Great

Guana Cay, 10 May 1992, Halls Pond Cay, 1 1 May 1985, Allen’s Cays, 13 May 1983, and

Great Exuma, 18 May 1985 (AS). Recorded in the Exumas only twice previously and in

April.

Worm-eating Warbler (Helmitheros vermivorus).— Three were seen on Great Exuma on

3 February' 1988 and another on Staniel Cay on 10 May 1992 (AS). Recorded in the Exumas

previously once from “Great and Little Exuma’’ (undated) and on Highbome Cay in De-

cember.

Ovenbird [Seiurus aurocapillus).— One seen on Staniel Cay on 10 May 1992 (AS) extends

the previous late date (22 April) for the Exumas.

Northern Waterthrush (Seiurus noveboracensis).— RS saw 1-2 on each of six different

islands during 3 April- 1 May 1992, and AS saw one on Great Guana Cay on 10 May 1992

and another on Leaf Cay (east of Norman’s Pond Cay) on 17 May 1985. The only previous

records are for Wax Cay in April and an unknown number of undated sightings in the Lee

Stocking Island-Great Exuma region.

Bananaquit (Coereba flaveola).—Two recently fledged young were seen on Cistern Cay

on 7 April and an active nest was observed on White Bay Cay, 8 April 1992 (RS).

Stripe-headed Tanager (Spindalis zena). —One seen on Little Farmer’s Cay on 1 1 May

1992 (AS) is only the fourth locality record for the Exumas, the previous three being High-

borne Cay, Waderick Wells Cay, and Great Exuma, and it is not common on any of these

islands.

Indigo Bunting (Passerina cyanca).— Several were seen on Great Exuma on 3 February

1988 and one on Great Guana Cay on 10 May 1992 (AS), another on Staniel Cay on 14

April 1 988 and two on Norman’s Cay, 5 April 1 992 (RS). A common visitor to the Bahamas

generally (Brudenell-Bruce 1975), but few previous records for the Exumas.

Swamp Sparrow (Melospiza georgiana).*—One was observed clearly and under good

viewing conditions on Bell Island on 1 9 May 1 983 (AS). The only other West Indian records

(all Bahamas) are sightings on New Providence on 10 and 18 November, Mayaguana on

10 April (Brudenell-Bruce 1975, Bond 1988), and another Mayaguana on 23 November

1962 (AS, unpubl. notes). Bond (1982) reported A/, georgiana as of hypothetical occurrence

in the West Indies, but later (Bond 1988) considered it a vagrant.

Bobolink (Dolichonyx oryzivorus).*—More than 100 were observed on Halls Pond Cay
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on 28 April 1988 and seven on Compass Cay, 29 April 1992 (RS), and 25-30 on Leaf Cay

(east of Norman’s Pond Cay), 17 May 1985 (AS).

Discussion. — T\\q Blue-gray Gnatcatcher (/’o//o/7///(2 caerulea) is noteworthy by its apparent

absence from the Exumas. It breeds commonly in the northern Bahamas and among the

predominately scrub-covered southern islands, but is unknown from much of the central

part ofthe archipelago. Additionally, Blue-gray Gnatcatchers that breed in continental North

America have been recorded in the Bahamas and Antilles during August-May (Bond 1956),

and Brudenell-Bruce (1975) reported the current status of P. caerulea on New Providence

(just northwest of the Exumas) as “uncommon autumn passage migrant” only.

Additional fall and winter surveys are needed to assess the status of this and many other

Exuma bird species more accurately. Doubtless many new nonbreeding visitors will be

recorded, but we expect few if any additions to the list of 23 native, breeding land birds on

these small, low-lying islands with little habitat diversity. Further explorations during sum-

mer may add some heron and egret species (of currently uncertain status) to the list of

breeders and are certain to reveal many more seabird colonies, underscoring the importance

of these islands as a breeding area for numerous seabird species.

Acknowledgments. — 'NQ are very grateful to R. Sutherland, EcoSummer Expeditions, Her-
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Exumas.
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Predation by Herring Gulls and Great Black-backed Gulls on Horseshoe Crabs.— Spring

migration of shorebirds through Delaware Bay coincides with seasonal egg laying by horse-

shoe crabs (Limulus polyphemus) on intertidal beaches (Myers 1986). We here report on a

previously undescribed aspect of the interaction between birds and horseshoe crabs, the

predation by Herring Gulls (Larus argentatus) and Great Black-backed Gulls (L. rnarinus)

on these large (ca 20-30 cm carapace width) arthropods. Adult horseshoe crabs live in

sublittoral, mainly nearshore, coastal habitats for most of the year but migrate to estuaries

every spring. In Delaware Bay, spawning occurs in the intertidal zone, on high tides through-

out May and June (Shuster and Botton 1985). As much as 10% of the spawning population

may be left stranded on the beach, principally due to wave action during spawning or

disorientation during their return to the sea (Botton and Loveland 1987, 1989). Although
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Table 1

Locations on Adult Horseshoe Crabs Attacked by Herring Cjulls and Great
Black-backed Gulls on a 90-m Study Beach in Delaware Bay, Spring 1989

Date

Loeaiion of aitaek

Book-gills Chelieerae Both

Male Female Male Female Male Female

23 May 4 2 0 3 1 4

24 May 7 1 0 0 1 4

25 May 8 0 0 0 0 0

Total 19 3 0 3 2 8

predation on adult horseshoe crabs in subtidal waters is quite uncommon (Shuster 1982),

Botton and Loveland ( 1 989) found that about 40% ofthe dead stranded crabs on an intertidal

beach in Delaware Bay were missing their book-gills, and they inferred that gulls were

responsible for the damage. However, it was not clear whether the horseshoe crabs were

alive or dead when they were eaten. We now report additional observations which dem-
onstrate that Herring and Great Black-backed gulls attack live adult horseshoe crabs, and

we discuss patterns of attack used by the gulls.

Methods. — ¥rom 23-25 May 1989, we conducted transect surveys to evaluate whether

gulls ate live horseshoe crabs. The study site was a beach near the Rutgers Univ. Shellfish

Laboratory' in Cape May County, New Jersey. We began each day’s survey by clearing all

dead horseshoe crabs from a 90-m study area, which was sub-divided into six 1 5-m transects.

We observed feeding of Herring and Great Black-backed gulls throughout the tidal cycle.

On the next low tide, we inspected all moribund or recently dead crabs. Viewed from the

ventral surface, a horseshoe crab has three main body regions. The widest region (prosoma)

bears the walking legs, chelicerae, and mouth; the middle region (opisthosoma) bears re-

spiratory structures called book-gills, and the body terminates with the sharply pointed

telson. Crabs missing large pieces of book-gills and/or walking legs, or those having profuse

bleeding on the ventral surface, were presumed to have been recently attacked by gulls.

To determine whether abnormalities of the crab’s telson influenced the likelihood of

predation by gulls, we recorded the probable cause of death of stranded horseshoe crabs

collected during spring 1986. Abnormalities included missing, unusually short (“stubby”),

and disarticulated telsons (Botton and Loveland 1989). Gull predation was inferred as the

probable cause of death if a substantial portion of the book-gills had been tom out; dead

horseshoe crabs with intact but brittle book-gills presumably died from desiccation. We
tested the null hypothesis that the cause of death of the horseshoe crab was independent of

telson condition, using a 2 x 2 contingency table, at a = 0.05.

Results and discussion.— Over the three-day interval from 23-25 May 1989, 1.94 adult

horseshoe crabs were killed per 15-m transect per day (Table 1). More males (N = 21) than

females (N = 14) were killed, but males typically outnumber females in both the spawning

population and among the fraction which becomes stranded on the beach (Botton and

Loveland 1989). Herring and Great Black-backed gulls attack live overturned crabs in a

consistent pattern (Table 1). The most common attack behavior (62.9% of observations) is

to approach an overturned crab from either side, and use the bill to tear out the unprotected

book-gills. A freshly stranded crab usually responds by flexing its opisthosoma upward,

which compresses the book-gills, reducing the exposed surface area. When struck in the gill
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Table 2

Relationship of Inferred Cause of Death (Gull Predation, Desiccation) to Telson

Condition (Normal, Abnormal), on a 90-m Study Beach in Delaware Bay, New
Jersey, 1986

Survey date

Cause of death All

and telson condition 5/23 5/27 6/1 6/4 6/18 6/20 dates

Desiccated, normal 15 13 92 59 115 60 354

Desiccated, abnormal 3 5 41 12 16 1

1

88

Gull predation, normal 50 1

1

7 25 27 25 145

Gull predation, abnormal 13 4 3 4 1

1

9 44

0.14 0.01 0.00 0.15 6.14 1.80 0.91
/>a ns ns ns ns ns ns

•' Frequencies were tested using 2x2 contingency table; * = P < 0.05, ns = not significant.

region, a crab may also elevate and move its telson in an effort to resist the attack. The

book-gills are composed of chitinous leaflets, and they are often discarded near the crab.

Once having weakened the crab, the gulls proceed to remove the legs to expose the soft

tissue in the prosoma, consisting largely of hepatopancreas (“liver”) and in female crabs,

eggs. A smaller number of live horseshoe crabs (8.6%) were killed by attacks to relatively

soft tissue on the ventral surface of the crab’s prosoma, located just anterior to the small,

pincer-like chelicerae. Both the book-gill and chelicerae sites were attacked in 28.6% of the

crabs.

We observed attacks on stranded, upside-down crabs on many beaches in Delaware Bay

between 1986 and 1992 wherever Limulus and larger gulls were together. Feeding tactics

of Great Black-backed and both juvenile and adult Herring gulls appeared to be similar.

We have never seen a gull attempt to turn over a rightside-up stranded crab, nor have we
witnessed gulls attempting to pierce the hard dorsal carapace.

Telson abnormalities predispose horseshoe crabs to beach stranding, because this structure

is used as a lever in righting behavior (Botton and Loveland 1 989). Although our behavioral

observations suggested that stranded horseshoe crabs with normal telsons might offer more

resistance to gull predation than crabs with stubby, missing, or disarticulated telsons, this

was not the case (Table 2). The telson is probably an ineffective defense against gull predation

because gulls are capable of rapid attacks to the ventral surface. In an overturned position,

the crab’s eyes are facing away from an attacking bird, and the movements of the telson are

haphazard and ineffective.

Horseshoe crabs are capable of withstanding the desiccation stress associated with beach

stranding for ca 18-24 h (Botton and Loveland 1989). Many crabs stranded on a receding

tide are thus capable of surviving until the next high tide immerses them. Predation by gulls

is an important source of mortality to horseshoe crabs during the hours of intertidal exposure.

By projecting a mortality of 1.94 crabs per 1 5 m per day (Table 1 ), over a two month period

(May-June), we estimated that ca 7760 crabs per km may be killed by the predatory activities

of Herring and Great Black-backed gulls along the New Jersey shore of Delaware Bay.
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Ground nest predation and Ruffed Grouse densities in southwest Virginia.— Densities of

Ruffed Grouse (Bonasa umbellus) are lower in the southern Appalachians than in northern

portions of the species’ range (Bump et al. 1 947). Bergerud (1988) proposed that this resulted

from greater southern nest predation. Furthermore, he contended that nest predation is

density-dependent in that the proportion of nests destroyed by predators increases as density

of nests increases. Because nest predation is believed to be greater southward and density-

dependent, hens in the South should space their nests farther apart than hens in the North

to achieve nesting success sufficient to maintain a stable population. To test this hypothesis,

we measured predation rates on artificial ground nests in southwest Virginia and tested

whether this predation was density-dependent.

Study areas and methods. —ThvQQ study sites within the ridge and valley province of the

Appalachian hardwood subregion (Smith and Linnartz 1980) were selected in the Jefferson

National Forest in Montgomery and Craig counties, Virginia. All sites were characterized

by oak {Quercus spp.)-hickory {Carya spp.) forests, with pine {Pinus spp.), red maple {Acer

rubrum), and yellow poplar {Liriodendron tulipifera) common in the overstory. Mountain

laurel {Kalmia latifolia), vaccinium {Vaccinium spp.), flowering dogwood {Cornus florida),

rhododendron {Rhododendron spp.), and saplings of overstory species were common in the

understory. All three sites contained small (<5 ha) dear-cuts less than 25 years of age, with

heavy regeneration of overstory species. Ruffed Grouse were observed and heard drumming

on or near all three sites.

Two areas were delineated at each of the three study sites and were assigned high and

low nest densities. High density areas were 500 x 500 m and low density areas were 500

X 2000 m. High and low density areas were separated by at least 1 km and were > 100 m
from any road open to vehicular use. Sites for nest placement were located using two random

numbers, one was the number of meters along a transect that bisected the area (ranging

from 1 to 500 for high density areas and 1 to 2000 for low density areas) and the other was
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the number of meters perpendicular to this baseline transect (ranging from 1 to 250 for both

areas). The direction perpendicular to the baseline transect was randomly determined. To
aid in relocating artificial nests, colored flagging was placed in trees at approximately 50 m
intervals along the baseline transect and on the perpendicular lines leading to the nests.

Flagging was placed 8-15 m from the nest and explicit directions from the flagging to the

nest site were recorded. Twenty artificial nests were placed in each of the six areas, resulting

in nest densities of 0.8 and 0.2 nests/ha for the high and low density areas, respectively.

Although these nest densities are probably higher than those of Ruffed Grouse in the South,

they are lower than those used in other artificial nest studies. Lower densities were not

chosen because areas containing an adequate number of nests at a lower density would have

been prohibitively large.

Nests consisted of five fresh brown domestic fowl (Gallus domesticus) eggs placed in small

depressions in leaf litter at the base of trees, stumps, or logs to simulate a Ruffed Grouse

nest (Bump et al. 1 947). We wore rubber boots when placing and checking nests and handled

eggs with plastic or rubber gloves to minimize human odors. Nests were made using a 2.4

m pole with a shallow dish at the end so that we remained >2 m from the nest. Artificial

nests were established in mid-April to coincide with laying and incubating schedules of

grouse in the area (Servello and Kirkpatrick 1988). Nests were placed at the John’s Creek

study site on 13-14 April 1992, at Poverty Creek on 15-17 April, and at Craig Creek on

21-22 April. A random drawing determined which density of nests at a given site was

established first. All nests were checked 10 and 20 days after placement, and any disturbance

was noted. A 20-day exposure period was chosen to avoid egg spoilage (which has been

reported with longer exposure periods [Matschke 1965, Henry 1969]) and to approximate

the 1 7 day laying or 23 day incubation (Bump et al. 1947) periods of Ruffed Grouse. A nest

was considered depredated if one or more eggs were broken or missing. Predation was

classified as avian or mammalian following Rearden (1951). Nests were classified as dis-

turbed if they had been depredated or if one or more eggs, although intact, were found

displaced from the nest. At the end of the 20-day exposure period, all eggs were broken and

inspected for spoilage.

Paired /-tests were used to compare percent of nests depredated or disturbed between

high and low density areas, pairing on sites. The test was one sided because density-dependent

nest predation capable of controlling the population would be supported only if predation

rates on the high density area were greater.

Predation rates for all six areas combined averaged 19.2% ± 4.2 (Jc ± SE) after

20 days of exposure with no difference (/ = 1.00, P = 0.21 1) in number of nests depredated

between high and low density areas (Table 1). Percentage of nests classified as disturbed

averaged 25.8% ± 7.0 and was not different between high and low density areas {t = 0.96,

P = 0.2 1 9) (Table 1 ). The difference in number of nests classified as depredated and disturbed

was due to nests in which one or more eggs had been displaced from the nest but were found

intact near the nest. The nine nests in this category had an average of 3.0 ± 0.43 eggs

displaced an average of 28.8 ±3.15 cm. The class of predator was not evident for 39% of

depredated nests, and the remainder (61%) was attributed to mammals.

Discussion.—Ground nest predation rates in this study were lower than those from com-

parable studies (e.g., 30% after 21 days of exposure [Matschke 1965], 56% after 43 days of

exposure [Henry 1969], and 25 to 83% after 5-6 days of exposure [Yahner and Morrell

1991]). The present study offers weak evidence against density-dependent ground nest pre-

dation in southwest Virginia. The power (Cohen 1988) of the statistical tests used in this

study was <30%. This was due in part to the small magnitude (5-10%) of mean difference

in predation and disturbance rates between high and low density areas. The biological

significance of this difference is questionable, supporting the conclusion that density-de-

pendent nest predation has not been demonstrated.
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Table 1

Artificial Nests Depredated and Disturbed after 20 Days of Exposure at Two
Nest Densities on Three Study Sites during April-May 1992 in Southwest

Virginia^

Area

Depredated Disturbed

High Low High Low

Percent N Percent N Percent N Percent N

John’s Creek 15 3 20 4 15 3 20 4

Poverty Creek 15 3 5 1 20 4 15 3

Craig Creek 35 7 25 5 60 12 30 6

Total 22 13 17 10 32 19 22 13

Twenty nests were placed at each density on each area.

The only solid evidence for greater Ruffed Grouse nest predation in the southern Ap-

palachians is a study in which eggs in only three of 12 Ruffed Grouse nests hatched in

Kentucky (Hardy 1950 cited in Bergerud 1988). The low nest predation rates of this study

and the failure to demonstrate density-dependent nest predation suggest low predation

pressure in early to mid-successional stage forest habitat. Ruffed Grouse nest predation rates

in the Southwest need to be quantified to understand further the role of nest predation in

the disparate densities of Ruffed Grouse across the species’ range.
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Potential predatory attack by Common Ravens on porcupines.— Reports of Common
Ravens {Corvus corax) attacking mammals are scarce. Several authors have documented

corvids attacking (mainly immature) mammals and birds (Ostbye 1969, Rowley, 1970,

Maser 1975, Mallory 1977, Long and Killingley 1983, Lawrence 1986, Kilham 1989). I

report here an incidence of aggressive behavior exhibited by a group of ravens toward an

adult porcupine and its young. I am unaware of any previous mention of such an event in

the literature.

At 19:00 h CST on 21 June 1992, I observed four ravens attacking an adult and a young

porcupine (Erethizon dorsatum). Two ravens consistently provoked the adult porcupine

through vocalization and tail-pulling. In response, the adult porcupine displayed the typical

defense mechanism of flaring its quills and turning its rump toward the ravens (Nowak

1991); however, it also charged at the ravens. As one raven stood in front of the adult

porcupine, another pulled the porcupine’s tail from behind. The adult porcupine often turned

toward the “tail-pulling” raven and charged, thereby exposing its rump and tail to another

raven. Several times the ravens appeared to prevent the adult porcupine from entering a

hazelnut (Corylus americana) thicket. The ravens also prevented the porcupine from climb-

ing a nearby jack pine (Pinus banksiana) by pulling its tail. I also observed two additional

ravens vocalizing loudly, hopping, and flapping their wings in nearby shrubs. After ap-

proximately 1 5 min, the ravens became aware ofmy presence and flew away. As I approached

the scene, the adult porcupine climbed approximately 3 m up a jack pine tree. I could not

see any wounds on its tail or body. I noticed a young porcupine huddled in a hazelnut clump

5 m from the adult. Upon closer examination of the young, I noticed that quills were missing

from a circular patch approximately 9 cm in diameter on the lower third of its back. The

last 3 cm of its tail was also missing quills and had two cuts, approximately 1 cm wide. The
end of the tail was void of fur and skin so that muscle tissue and vertebrae were visible.

The young porcupine appeared to be in shock, as it was immobile and shaking. Due to lack

of quill development, time of year, and body size (total length was 23-25 cm), I estimate

that the young porcupine was 2-4 weeks old (Shadle 1948).

I believe that had I not interrupted this event, the ravens would have killed at least the

young porcupine. I base this judgment on the physical condition of the young porcupine

after the attack and its apparent inability to defend itself.
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Sexual differences in bill shape and external measurements of Crested Auklets.— Most
alcids are sexually monomorphic in plumage, ornaments, and body size and consequently

cannot easily be sexed in the field (Bedard 1985). In a few species, external measurements

can provide clues about the sex of a bird in the hand. For example, sex can be determined

with 95% certainty from bill depth for 94% of individual Cassin’s Auklets {Ptychoramphus

aleuticus. Nelson 1981), for 70% of individual Ancient Murrelets (Synthliboramphus antiqu-

us, Gaston 1992), and from an index combining bill depth and culmen length for 65% of

individual Atlantic Puffins (Fratercula arctica, Corkhill 1972). Discriminant fuViction anal-

yses utilizing additional characters have not proved to be any better at identifying males

and females (Nelson 1981, Gaston 1992). The only method for determining the sex of

individual alcids by observation alone has been by their position during mounting or by

observing marked individuals performing sex-limited displays (Jones 1992, Jones et al.

1989).

Bedard and Sealy (1984) reported sexual differences in external measurements of Crested

Auklets (Aethia cristatella), but a sexing technique based on external appearance has not

been published for any member of the genus Aethia. Nevertheless, observation of color-

banded Crested Auklets at nesting colonies has led several researchers to tentatively identify

the sex of some individuals by behavior. For example, individuals exhibiting an advertising

display in which all feathers on the nape and hindneck are erected and the head is brought

into a vertical position during a trumpeting vocal display have been assumed to be males

(Flint and Golovkin 1990, Kharitonov 1980, Zubakin 1990, 1. L. Jones, pers. obs.). These

putative males are aggressive and attack other displaying individuals and other male-like

birds that approach them. In contrast, femalc-Iikc individuals do not exhibit the trumpeting

display, are attracted to male-like individuals, are socially subordinate to these putative

males, and rarely engage in aggressive behavior. Furthermore, courting pairs show stereo-

typed behavior in which the putative female adopts a crouched posture and nibbles at the

bill of the putative male. These supposed males and females differ in bill-shape, as do

specimens of known sex that have been examined (R. H. Day, pers. comm.; N. B. Kon-
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yukhov, pers. comm.; 1. L. Jones, pers. obs.). Putative males tend to have a bill that appears

deeper than its length, their culmen is strongly de-curved, and the tip of the upper mandible

overlaps the lower mandible to form a distinct hook; putative females tend to have bills

that appear longer than their maximum depth, have an almost straight culmen, and lack

the pronounced hook on the bill tip. In this paper I evaluate whether these bill shape

differences are reliable characteristics for determining the sex individual Crested Auklets in

the field.

Methods.—

\

collected 27 adult Crested Auklets and salvaged an additional nine fresh

carcasses that had been predated by Glaucous-winged Gulls {Larus glaucescens) at a large

auklet colony at Buldir Island, Aleutian Islands, Alaska (52°2'N, 175°5'E, Byrd and Day
1 984) during May and June 1 992. Before measurement, each specimen was held in a natural

posture and the sex inferred using the bill shape characteristics described above. Then I

measured bill depth, culmen length, rictal plate height, tarsus length, crest length, and plume

length to the nearest 0. 1 mm, using calipers, and flattened wing length to the nearest 1 mm,
using a wing rule. Culmen was measured from the bill tip to the edge of the feathering at

the bill base; bill depth from the proximal base of the culmen to the angle of the gonys on

the underside of the bill; rictal plate from its mid-point along the cutting edge of the bill to

its highest point; and tarsus from the mid-point of the tibiotarsal joint on the back of the

leg to the blunt end of the tarsometatarsal joint on the underside of the foot. The length of

the auricular plume on either side ofthe head was measured as the distance from the exposed

distal end of the plumes (just below and behind the eye) to the proximal end of the longest

plume. Crest length was measured as the length of the longest feather shaft in the crest. Each

individual was then dissected to determine its sex (confirmed by an assistant). To test the

reliability ofthe technique ofdetermining sex by bill shape, I estimated the sex of 1 1 museum
specimens from which sex was later determined from the specimen label. During obser-

vations at the colony, I used bill shape to guess the sex of color-marked auklets whose bill

I was able to see clearly on 244 occasions over a ten-week period. This produced multiple

(2-6) records of sex inferred by bill-shape for 47 individuals, from which the repeatability

of this technique could be inferred. Multiple estimates of sex of these individuals based on

bill depth were likely to be independent because of the large number (284) of color-marked

birds present on the study plot, which precluded remembering the previously inferred sex

of any individual.

Results and discussion. — Males and females differed significantly for four of the external

measurements: bill depth, culmen length, mean plume length and wing length, with bill

depth and culmen length showing the greatest sexual dimorphism (Table 1). These results

differ from Crested Auklet measurements from St. Lawrence Island (Bedard and Sealy 1984)

where crest length was found to differ significantly between the sexes (DI = 1.10), but bill-

length (culmen length) did not (DI = 1 .02). At Buldir, there was considerable overlap between

males and females in both bill depth (1 1.1-1 1.9 mm) and culmen length (1 1.7-12.8 mm),

so these univariate measures are not likely to be useful for sexing all captured individuals

(Fig. 1). For example, among Crested Auklets caught, measured and released after banding

at Buldir during 1990-1992, 104/504 (21%) lay in the overlap zone (within the range of

both sexes) for bill depth and 1 8 1 /296 (6 1 %) lay in the overlap zone for culmen. Discriminant

function analysis with all characters included was no more effective in sexing Crested Auklets

than bill depth considered alone. Moreover, geographic variation in size among different

colonies is significant, further reducing the usefulness of measurements.

Among the 1 5 male and 2 1 female Crested Auklets collected at Buldir, I used observed

bill shape characteristics to attempt to estimate the sex of 33 specimens; the remaining three

specimens (8%) were judged to be unsexable because their bill shape was of intermediate

appearance. Among the specimens sexed by bill shape, the correct sex (confirmed by dis-

section) was inferred in all except one individual (32/33 sexed correctly). An additional ten
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Fig. I. Bill depth and culmen length of 36 specimens from Buldir. About 20% of in-

dividuals lie in a zone of overlap between the sexes (between dashed lines fitted by eye;

individuals lying in this area could be of either sex). Sex was inferred correctly from bill

shape before dissection for all but one individual (indicated by an arrow).

Table 1

Measurements of Adult Male and Female Crested Auklets from Buldir Island

Character N

Males

Mean ± SE
(Range) N

Females

Mean ± SE
(Range) DL p

Bill depth (mm) 15 12.3 ± 0.1

(11.1-13)

19 10.6 ± 0.1

(9.9-11.9)

1.16 10.7 <0.0001

Culmen (mm) 15 12.6 ± 0.2

(1 1.7-13.4)

19 1 1.8 ± 0.1

(1 1.1-12.8)

1.07 4.4 <0.0001

Rictal plate (mm) 15 5.0 ± 0.3

(3. 3-6. 6)

18 4.9 ± 0.2

(3. 9-6.4)

1.02 0.4 0.7

Tarsus (mm) 14 29.3 ± 0.3

(28-31.9)

19 28.9 ± 0.3

(26.4-30.8)

1.01 1.3 0.2

Crest length (mm) 15 38.2 ± 0.8

(34.5^5.3)

19 37.9 ± 1.2

(28.4-44.4)

1.01 0.2 0.9

Plume length (mm) 10 35.5 ± 0.7

(29.9-38.2)

18 31.8 ± 0.9

(24.6-39.5)

1.12 2.9 0.007

Wing length (mm) 9 143.0 ± 0.8

(140-148)

15 140.3 ± 0.6

(136-143)

1.02 2.7 0.01

“ Sexual dimorphism index, expressed as mean male size/mean female size,

/-lest of difference between male and female values.
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Fig. 2. Characteristic bill shapes of male and female crested auklets (drawn from pho-

tographs).

museum specimens (6 males and 4 females) were sexed correctly, while one museum spec-

imen was judged to be intermediate in bill shape. Thus bill shape differed sufficiently between

the sexes to infer a ‘most likely sex’ for 91% (43/47) of individuals, and these estimations

proved correct for 98% (42/43) of the individuals that were sexed using the method. The

bill shape characteristics were readily apparent in birds observed with binoculars at a distance

of 10-15 m at the colony. Of 47 color-marked individuals whose sex was estimated more

than once during observations at the study plot at Buldir, sex determinations based on bill

shape were consistent for all but one individual (98%), indicating that this technique is

repeatable. All sub-adults (two-year-olds, identified by their extensively worn remiges) ob-

served or captured at Buldir had female-like bills, indicating that bill shape is not useful for

determining the sex of young birds, as in Cassin’s Auklets (Nelson 1981). However, these

results confirm that readily observable bill shape characteristics can be used to identify the

sex of adult Crested Auklets with a high degree of reliability. The typical bill shapes of males

and females (Fig. 2) can, with practice, be used to identify about 90% of adults seen well in

the field. Based on examination of museum specimens from other areas, and of live birds

in the Pribilof Islands (I. L. Jones, pers. obs.), sexual differences in bill shape appear to be

present throughout the species’ range.

Crested Auklets may thus be the only alcid species in whieh males and females can easily

be distinguished in the field by observation ofexternal morphology. This may prove valuable

for understanding sexual differences in behavior of this unusual species. For example, 1

1

marked individuals that were seen performing the trumpeting display were independently

judged to have a male bill shape, confirming earlier suggestions (Flint and Golovkin 1990,

Kharitonov 1980, Zubakin 1990) that this display is restricted to males. It is likely that the

hooked bill shape of male Crested Auklets is favored by intra-sexual selection because of

its use in fights between males for access to mates and nest-sites.
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American Redstarts using Yellow Warblers’ nests.—Among passerines, heterospecific nest

use is common in cavity nesters, with overlap between species in the use of individual

cavities dependent upon the degree of nest site limitation and preferred cavity characteristics

(e.g., Kerpcz and Smith 1990). Among open-cup nesters, however, the use of nests built by

other species is rare (see Skutch 1976:127). This may be due to the availability of sites

suitable for building relative to suitable nesting cavities, the relatively lower costs of building

a cup nest compared to excavating a cavity, more rapid loss of structural integrity of cup

nests, and/or the species-specific nature ofcup nests which are not easily modified. Extensive

observations indicate open nesting passerines seldom use nests built by other individuals

(Bent 1953). Here 1 report a notable exception: an American Redstart (Setophaga ruticilla)

pair using a Yellow Warbler {Dendroica petechia) nest.

On 23 May 1992,1 observed a female Yellow Warbler building a nest, which she completed

on 25 May. The first of three eggs was laid on 27 May. When I checked the nest on 16 June

and 18 June, both the male and female Yellow Warblers, as well as a male and female

American Redstart alarm called and performed distraction displays, apparently in response

to my presence. The three Yellow Warbler offspring fledged on 18 June. On 1 July, I found

a female American Redstart incubating a complete clutch of three eggs in this same nest.
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Neither the nest cup nor the nest lining appeared to have been modified. Although American

Redstart nestlings were present in the nest on July 1 5, I subsequently left the study area and

do not know the fate of this nesting attempt.

A search of the literature revealed six previous reports of American Redstarts using the

nests of other species. Chapman (1917) recorded an American Redstart using the nest of a

Red-eyed Vireo {Vireo olivaceus), while Bent (1953) recorded five additional cases, three

involving Red-eyed Vireo nests, one Yellow-throated Vireo (V. flavifrons) nest, and one

Yellow Warbler nest (see also Nolan 1978:137). Collectively, these observations suggest that

this behavior is neither geographically nor temporally isolated and that American Redstarts

regularly use the nests of other species. Several reasons for heterospecific nest use can be

considered. Nest site limitation seems unlikely as American Redstarts usually build their

nests in the upright crotch of saplings (Bent 1953). There is no evidence that nest sites are

limiting for these or any other open-nesting wood warblers (Morse 1 989). The cost ofbuilding

a nest, however, both in terms of time and energy is substantial: a female American Redstart

may take between three and ten days to build a nest, making up to 700 trips (Bent 1953).

Although Redstarts are generally single brooded (Bent 1953), eliminating these costs may
allow a female to extend the nesting season and lay an additional clutch or replace one lost

to predation when it would otherwise be too late. Previous reports of American Redstarts

using other species’ nests make no mention of the date, however, the clutch I found could

not have been initiated before 19 June, making it the latest of eight Redstart clutches found

in the same area in the same year (P. M. Martin, pers. comm.). Moreover, since American

Redstarts and Yellow Warblers may occupy similar habitats, nest at similar heights, place

their nests in upright crotches of saplings and even build nests of similar structure (Chapman
1917:294; Bent 1953:661; Morse 1973, 1989:127), the costs of nesting in Yellow Warblers’

nests resulting from unsuitability of the habitat or nest may be negligible. Thus, reducing

the costs of nesting, particularly late in the season, may be the explanation for heterospecific

nest use in the American Redstart.

Even if such behavior occurs frequently, it may easily be overlooked due to similarities

in nest construction and placement by American Redstarts and Yellow Warblers and because

of the practical difficulties for researchers of finding nests while they are still under con-

struction and continuing to check them after the original occupants leave.
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Parent Loggerhead Shrikes induce nestlings to fledge.— Passerines that lure young from

the nest earlier than they otherwise would leave may prevent the loss of whole broods to

nest predators (Nice, Trans. Linn. Soc. 6: 1-328, 1943). Skutch (Parent birds and their young;

Austin, Texas, Univ. Texas Press; 1976; p. 298) suggested that adult-induced fledging can

occur in passerines when nests are disturbed in the latter stages of nestling growth. However,

rather than representing luring behavior, Skutch maintained that disturbance could excite

the adults to the point that “.
. . their calls of alarm . . . may prompt the young to jump out

and scramble to safety . .
.” While studying Loggerhead Shrikes {Lanius ludovicianus) breed-

ing in the sagebrush {Artemisia tridentata) dominated cold desert of Owyhee Co., Idaho, I

observed an instance of apparent luring behavior, which I report here.

At 17:30 MST on 3 July 1992, I approached a shrike nest 1.1m above the ground in a

2 m tall bitterbrush {Pursia tridentata) on one ridge of a slope broken by frequent low ridges

and ravines. I had visited this nest several times previously to measure nestling mass and

feather growth and to color-band the five nestlings. Since the young were now within the

range of fledging ages I had observed at other nests, I remained 25 m from the nest, on an

adjacent ridge, and counted the nestlings with the aid of a spotting scope. All five were in

the nest, and after looking briefly in my direction they appeared to disregard me.

During this time one adult made a few defensive calls (as was typical of earlier visits);

then both adults perched about 0.5 m apart, 20 m upslope from the nest, on a prominent

and frequently used bitterbrush. Following this, the female initiated a distinct call, with

which I was familiar but had never heard used in this context. The call sounds like a low

“waa” which rises slightly to a definite if not abrupt end, and frequently is used during food-

begging or pre-copulatory behaviors. Previously, I had heard this call used only between

paired adults, and primarily in earlier stages of the breeding cycle. Although the male was

near the female as she now called, she was facing the nest, and the call was louder than I

had heard in the past.

The female clearly attracted the attention of the nestlings, which began shifting about

actively in the nest. After 90 sec of calling, all the nestlings suddenly stood up, looking in

the direction of both adults. Moments later (<10 sec) three nestlings left the nest, quickly

hopping one after another onto lower branches, and finally stopping together on a branch

75 cm above the ground. Less than 15 sec later, the first of the three jumped/fluttered to

the ground, landing nearly 1 m away. Upon landing, it began hopping through the grass in

the direction of the adults. The other two on the lower branch followed in rapid succession.

As this happened, both adults moved to an adjacent ridge, 45 m from the nest, but on the

opposite side of the nest from me. In addition, the male joined the female in calling as they

moved to the new ridge. As both parents called, the fledglings, which had been moving

upslope, changed direction, again hopping toward the adults.

These three fledglings had left the shrub in the first min after the nestlings initially stood

up. In the second min the fourth nestling, alone, moved to the same lower branch, jumped

off, and began making its way toward the still-calling adults. Three min later the last nestling,

which cried frequently as it slowly moved to the same branch, fledged also, hopping off in
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the direction of the others. Notably, nestling growth measurements indicated that the last

nestling to leave, which I identified by its color-band as it fledged, had been the least

developed, and was probably 24-48 h younger than its siblings. Twelve min after the first

group left the nest shrub, I began hearing food-begging cries from the fledglings which were

by then perched in brush on or near the far ridge; 90 sec later the adults began delivering

food to the fledglings, and I left the area shortly thereafter.

The behavior of these adults contrasts with Skutch’s (1976) disturbance-causing-fledging

description, as I did not excite them into “calls of alarm” per se, but rather induced them

to initiate what appeared to be specific behaviors intended to lure the young off the nest.

Predation accounted for 54% of all shrike nest failures in Idaho (Woods, in press, Proc. Inti.

Shrike Symp. 1993), and nestling transfer following disturbance has been reported in the

Northern Shrike (Lanius excubitor, Yosef and Pinshow, Auk 105:580-581, 1988). These

observations suggest luring behavior could be more widespread than has been reported in

shrikes, and possibly other passerines, breeding in areas where the risk of nest predation is

high.
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Hatching year Kirtland's Warbler captured in unusual habitat.— Recent research indicates

that factors on the breeding grounds in Michigan limit populations of the endangered Kirt-

land’s Warbler (Dendroica kirtlandii) (C. Kepler and P. Sykes, pers. comm.). The breeding

habitat of the Kirtland’s Warbler has been described as young jack pine {Pinus banksiana)

stands on Grayling sand soils in north central lower peninsula of Michigan (Mayfield, H.

1960. The Kirtland’s Warbler. Cranbrook Instit. Sci., Bloomfield Hills, Michigan). The
habitat description is based on distribution and abundance of adult birds. Little is known
about dispersal patterns and habitat use by hatching-year (HY) Kirtland’s Warblers, because

HY birds are not easily found on the breeding grounds after independence. Observations

of HY birds in the post-independence stage, therefore, are important.

An immature Kirtland’s Warbler was mistnetted on 5 August 1986 in the northwest

comer of Ogemaw County, Michigan (44°30'N, 84°13'W). The nearest occupied breeding

habitat was approximately 4.8 km to the southwest at the Damon Bum (Weinrich, Jack

Pine Warbler 66:154-158, 1988). The bird was photographed for verification. Its age was

determined by presence of fully grown and fresh primaries and rectrices. The sex of the bird

was not determined. The bird was captured in mixed coniferous-deciduous secondary growth

surrounded by mature coniferous forest. Historically, the site was a 23 ha seed-tree bum in

1976. The overstory was dominated by black cherry {Prunus serotina), quaking aspen {Pop-

ulus tremuloides), northern pin oak {Quercus ellipsoidalis), and jack pine. Percent canopy

cover for all vegetation in this stratum was 70%, and the openings were distributed patchily.

The average tree height was about 4.5 m (range 2-6 m). The 100% ground cover was

dominated by little bluestem grass {Andropogon scoparius) and sweetfem {Comptonia per-

egrina), with some ground blueberry ( Vaccinium angustifolium), snowberry {Symphoricarpos

albus), and sedge {Carex pensylvanica) present.
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Other observations ol'HY Kirtland’s Warblers have been made. In 1991, C. Kepler and
P. Sykes (unpubl. data) showed that a HY Kirtland’s Warbler had moved from one stand

ot typical breeding habitat to a disjunct second stand. Both stands were used as nesting

habitat that year. A HY Kirtland’s Warbler was seen 21 August 1985 in young but typical

breeding habitat that was not used for nesting that year (Weinrich, Jack Pine Warbler 66:

113-116, 1988). The presently reported capture is the first record ofa HY Kirtland’s Warbler

prior to tall migration found outside of typical breeding habitat. Observations of HY Kirt-

land’s Warblers in habitats discontinuous from natal sites will provide the descriptive

groundwork for hypotheses regarding dispersal patterns of the Kirtland’s Warbler.
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Migrant Hooded Warblers as prey of Neotropical Frogs.— Birds are often frog predators,

but rarely occur in the diet of frogs. Cook (Smithsonian Herpetological Inform Ser. No. 73,

1987) reported 93 references to 78 species of birds consuming 31 species of anurans, while

only 14 references referring to nine species of anurans consuming nine identified species of

birds, with the addition of “ducklings” and “small birds” listed for four of these species. A
study of the diet of the neotropical green frog (Rana vaillanti) identified this species as a

predator on Hooded Warblers ( Wilsonia citrina). The frogs were hand-captured at night in

Laguna Escondida, Municipio ofSan Andres Tuxtla, Veracruz, Mexico, and stomach flushed

(Legler and Sulivan, Herpetologica 35:107-1 10, 1979) the next morning in the laboratory

at Estacion de Biologia Tropical Los Tuxtlas. Stomach contents were flushed from all

individuals captured in five days of sampling each month for a year (N = 1554). Hooded

Warblers occurred in two of 33 stomach contents examined in December 1 984. The warblers

appeared to have been swallowed fresh, suggesting that they had been captured alive and

not consumed as carrion. Also Rana vaillanti is not known to consume carrion. The warblers

were probably ingested in shallow water where they have been observed bathing. The frogs,

93.5 and 92.5 mm in snout-vent length, were both females. The wet volume of the warblers

represented 10% of the volume of 33 stomach contents.
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First records of the Yellow Tyrannulet {Capsiemph flaveola) in Peru.—On 11 October

1989, during a survey of birds at Pakitza, Reserve Zone of Manu National Park, Depto.

Madre de Dios, Peru (1 1°56'47"S, 71°17'00"W; 356 m elevation), I collected a juvenile male

Yellow Tyrannulet (Capsiempis flaveola) (75% skull ossified) in a dense stand of bamboo
{Guadua weberbaueri). The specimen was deposited in the Museo de Historia Natural de

la Univ. San Marcos (MUSM No. 13896). This species has not been reported previously

in Peru, although two specimens were collected earlier: (1) an adult female (100% skull

ossified) (Louisiana State Univ., Museum of Natural Science (LSUMZ) No. 120210) mist-

netted by A. P. Capparella on 22 July 1984, on Isla Pasto a “disturbed Cecropia island,”

in the channel ofthe Rio Amazonas opposite Aysana, (80 m elevation), ca 80 km NE Iquitos,

Depto. Loreto and (2) a juvenile male (75% skull ossified) (Field Museum ofNatural History

(FMNH) No. 323131) collected by J. W. Fitzpatrick on 29 Nov. 1985, in a “dense stand

of bamboo” at Tono (780 m elevation), Depto. Cuzco.

The Yellow Tyrannulet is found in lowland forest edge (to 780 m), open woodland, bamboo
and brush thickets, thorn scrub, and mangroves (Hilty and Brown, A Guide to the Birds of

Colombia. Princeton Univ. Press, Princeton, New Jersey, 1986; Meyer de Schauensee and

Phelps, Jr., A Guide to the Birds of Venezuela. Princeton Univ. Press, Princeton, New
Jersey, 1978; Ridgely and Gwynn, Jr., A Guide to the Birds of Panama, 2nd. ed. Princeton

Univ. Press, Princeton, New Jersey, 1989). Both specimens from southern Peru were found

in Guadua stands, which at Pakitza are located on old alluvial terraces. The song, composed

of short, metallic, froglike notes, was heard in other localities in southern Peru, always in

the same habitat (J. W. Fitzpatrick, pers. comm.). No additional individuals were observed

or captured at Pakitza.

The localities reported here constitute the westernmost distributional records ofthe Yellow

Tyrannulet in the southern Amazon basin.
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Interspecific killing in the Pacific Loon.—On 14 July 1992, I observed a Pacific Loon

(Gavia paciflca) kill a day-old Common Eider {Somateria mollissima) duckling at La Perouse

Bay (58°24'N, 94°24'W), 30 km east of Churchill, Manitoba. The eider duckling was flushed

from a nearby island and swam towards the shore, into the former breeding territory of a

pair of Pacific Loons. The nest of this pair had been depredated 48 h previously, probably

by an Arctic fox (Alopex lagopus). Only one member of the pair was seen during this incident.
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Once the duckling was seen (about 100 m away), the loon submerged and swam until it was
beneath the duckling. At this point, the loon reared out ol'the water and grabbed the duckling

in a stabbing sort of motion. This was repeated six times until the duckling showed no signs

ol movement. The recovered duckling body had an abdominal puncture wound. Similar

attacks have been described in Sperry (1987) and Kirkham and Johnson (1988).

Current knowledge of stimulus recognition patterns may provide the answer as to why
this behavior occurs. It is probable that loons cannot tell the difference between intraspecific

and interspecific young, similar to passerines parasitized by cuckoos and cowbirds (Payne

1977). Adult loons should, however, be able to tell the difference between adult and young

birds based solely on size. The original evolution of this behavior may have been intended

to be directed at conspecifics, regardless of size, when they invade the nesting territory.

Observations of intraspecific killings are seen rarely, however (McIntyre 1983). 1 believe

this is because of the aggressive nature of the conspecific rival, if a parental pair were to be

attacked they would defend the young aggressively. Rummel and Goetzinger (1975) describe

interactions between pairs with young and pairs without. One of the parental birds engaged

in the encounter and the other “stayed with the chicks, concealing them in cradle of back

feathers or herding them against the far shore”. There appears to be a risk to the young

during intraspecific bouts of aggression, so one parent guards the young.

I hypothesize that interspecific killing in loons is simply the result ofan adaptive behavioral

program of killing any small waterfowl, which originally evolved in a conspecific context,

possibly to reduce local breeding density and the number of aggressive interactions in which

the pair must engage. Subsequent to the original evolution of the aggressive behavior, there

is no current selective pressure to stop trying to kill a conspecific’s young, nor is there

pressure to refine the behavior so as to only go after conspecifics. A behavioral program of

“attack any small, moving v/aterfowl on the nesting territory” would suffice.
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ORNITHOLOGICAL LITERATURE

Nature in Art: a Celebration of 300 Years of Wildlife Painting. By David Trapnell.

David & Charles, Newton Abbot and London. 1991: 160 pp., 1 10 color plates (some with

preliminary sketches), 8 black-and-white plates. £35.00.—Among the numerous illustrated

books on the history of wildlife art in general or bird art in particular, this contribution has

a number of unique qualities. In spite of its title, it is not a survey of the history of wildlife

paintings of the past three centuries. It is based entirely on the works owned by or loaned

to the International Centre for Wildlife Art (ICWA) near Gloucester, England. This means

that many of the outstanding figures among wildlife artists are not mentioned at all, much
less their works reproduced. It also means that for some of the artists that are included, the

reproduced pieces do not represent their best or most typical work. This is carried to an

extreme in the case of Mark Catesby, whose career is briefly but adequately summarized.

But the ICWA owns no Catesby original, so the Catesby account is illustrated by a repro-

duction of a copy, admittedly quite faithful, by a German named Johann Mark Seligmann

(1720-1762), whose work published between 1749 and 1776 also included copies taken

from George Edwards. Among the historical bird artists not mentioned are Abbot, Barra-

band, Cassin, Elliot, Grayson, Gronvold, Knip, Smit, and Swainson. Many later excellent

British bird painters are missing, but twentieth century American and Canadian artists are

particularly conspicuous by their absence, most notably Fuertes, but also Brooks, Horsfall,

Sutton, and many living artists, including (to name only a few) Clem, Eckelberry, Gilbert,

Lansdowne, O’Neill, Tudor, and (believe it or not) Roger Tory Peterson!

The author was a prominent British radiologist who gave up his career to found (in 1982)

the Society for Wildlife Art of the Nations, which established the ICWA (also called by the

shorter name “Nature in Art”) in 1 988. In his introduction (called “Celebration”), the author

states: “Other than NATURE IN ART, at present there does not appear, anywhere in the

world, to be even one comprehensive public collection of fine, decorative and applied art

depicting any living (or previously living) wild thing in any medium, from any part of the

world and any period of history.” He makes the same point at least twice more in his

“Celebration.” Althougn the Leigh Yawkey Woodson Museum in Wausau, Wisconsin, is

mentioned on pp. 67 and 82, Trapnell apparently has no idea of the scope of the Woodson
Museum’s collections, which are far superior to those of the ICWA, at least for twentieth

century artists.

The author construes both “wildlife” and “painting” broadly. He includes wood engrav-

ings and block prints as well as etchings, but these occupy but a small part of the book.

However, 1 1 artists are represented only by botanical works, a genre usually excluded from

the definition of “wildlife painting.”

When books like this one are compiled by persons with little or no training in ornithology,

misidentifications are virtually inevitable. I have found only two, probably because in almost

all instances the artist identified the subject of the painting. On p. 89, the “Egyptian Goose”

head appears to be that of a male Muscovy Duck {Cairina moschata), the only waterfowl

with the kind of knobbed bill in the drawing; the knob of the Spur-winged Goose {Plec-

tropterus garnbensis), is much higher on the forehead and the bill is much longer than in

the picture. On p. 122, the caption to an illustration of the “Blue Jay” by George Edwards

reads “This blue jay, from the West Indies, is not meant to be the same as that from North

America.” The species portrayed is actually the Indian RoWev (Coracias benghalensis), widely

known in English-speaking Asia as “Blue Jay.”

Trapnell had no hesitation in pointing out what he felt to be faults in composition; in no

536
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fewer than 7 plate captions, he tells us that the picture “would have been better il'. . Only
twice does he comment on ornithological errors, and these are both in crude 18th Century

paintings whose faults are blatantly obvious: the Atkinson Grey Heron {Ardea cincrea) on

p. 10 and the Albin Great Horned Owl {Huho virginianus) on p. 120. His ornithological

expertise was probably not sulficient for him to point out the too-long bill and too-small

eye of the Black-crowned Night-Herons {Nycticorax nycticorax) on p. 61, the red iris of the

Peregrine Falcon {Falco peregrimis) on p. 7 1, or the many faults in color and proportion in

Japanese Waxwings {Bombycilla japonica— xdQnXifitd only as “waxwings”) on p. 144. Lear’s

painting of .4ra anirauna on p. 135 is identified as “Blue and Yellow Mackaw;” the mis-

spelling is Trapnell’s, as the spelling on Lear’s lithograph is “Maccaw.’’ The author misplaces

the hyphen in “Greater-spotted Woodpeckers’’ {Dendrocopos major) (p. 96), apparently not

knowing that the species derives its name from being the largest of the European spotted

woodpeckers, not from its having the largest spots!

So far this has been a rather negative review. What positive things can we say about this

book other than such cliches as “the color reproduction appears to be excellent.’’ Its major

contribution for American readers, I believe, is in introducing us to a number of European

wildlife artists, both living and dead, many of whom should obviously be better known to

us than they have been in the past. Among the living artists (excluding those specializing

in botany), I confess to having been unfamiliar with the work of *Norbertine von Bresslem-

Roth, *Jim Channell, *Don Cordery, *Michael Dumas, *Beth Erlund, *Anthony Gibbs,

Vadim Gorbatov, *Robert Hainard, Rodger McPhail, Peter Partington, Colin Paynton,

Lennart Sand, and *John Wilder; this may be owing, in part, to the fact that those artists

whose names are starred (*) are represented by, and possibly specialize in, non-ornithological

subjects.

Other than for collectors of all books on wildlife art, £35 (at this writing, about $54 US)

may seem a steep price to pay for a text by a highly opinionated author-editor and a chance

to meet a few unfamiliar artists, although the author is donating all royalties to the Society

for Wildlife Art of the Nations. In a spirit of brotherhood, perhaps some of the many North

American artists unrepresented in the ICWA collection may wish to donate one of their

works in order to improve the coverage of what is apparently the best collection of wildlife

art in — Kenneth C. Park.es.

Birds in Kansas. Vol. II. By Max C. Thompson and Charles Ely. Univ. Kansas Mus.

Natural History, Lawrence, Kansas. Public Educ. Ser., No 12 (J. T. Collins, ed.), distributed

by The Univ. Press of Kansas, Lawrence, Kansas. 1992: xvi -I- 424 pp., 167 black-and-

white photos, 206 distribution maps. $25.00 (cloth), $14.95 (paper).— The first volume of

this work was published in 1 989 and dealt with the non-passerines (see review, Wilson Bull.,

1990. 102:361-362). The recent volume covers the 207 passerine species recorded in the

state, including three on the hypothetical list (Black Phoebe [Sayornis nigricans]. Fish Crow

[Corvus ossifragus], and Western Bluebird [Sialia mcxicana], two extirpated species (Com-

mon Raven [C corax] and Black-capped Vireo [Virco atricapillus]), and one that is none-

of-the-above (Hooded Oriole [Icterus cucullafus]). The format in this volume follows that

of the initial volume with paragraphs on Status, Period of Occurrence, Breeding (if appro-

priate), Habitats and Habitat, Field Marks, and Food. These sections arc dictated by the

Univ. of Kansas Museum scries of which these volumes arc a part, and arc used for most

but not all of the species, the treatment being the most variable for field marks and food. I

sympathize with the authors in their less than enthusiastic inclusion of these two latter

categories since these topics are better covered in other sources. Yet, if it must be done, it

ought to be done well. Some provincial Bostonian, for example, might actually believe that
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there are pinyon pines in Kansas from reading the account of the Scrub Jay’s {Aphelocoma

coerulescens) food. The set of species for which field marks are not provided follows no

pattern. Some are common (American Robin [Turdus migratorius])\ some are rare (Hermit

Warbler [Dendroica occidentalis]). Some are easy to identify (Green-tailed Towhee [Pipilo

chloninis\)\ some are difficult (Hammond’s Flycatcher [Empidonax hammondii]).

The primary value of the book is its providing the definitive list of species in Kansas and

their distribution across the 105 counties in the state. Each documented species has a map
with the county(ies) of occurrence indicated. The distributions of the Alder and Willow

flycatchers (E. alnorum and E. traillii) have been combined in one map, and there is no

map for the Fish Crow or Western Bluebird (the other hypothetical species, the Black Phoebe,

has a map). Recognizable forms like Audubon’s and Myrtle Warblers {D. coronata), Bullock’s

and Baltimore Orioles {Icterus galbula), and Slate-colored, Oregon, White-winged, and Gray-

headed Juncos {Junco hyemalis) have separate maps. But Red-eyed and Spotted Towhees

{Pipilo erythrophthalmus) were not similarly treated. The map for the House Finch {Car-

podacus mexicanus) includes dates of first record for counties beyond the western tier which

clearly indicates expansion eastward through 1988, although a subsequent analysis suggests

that most recent records in the east were birds invading from Missouri (Podrebarac and

Finck, 1991. Kansas Omithol. Soc. Bull. 42:33-36). A valuable improvement over the maps
in volume I is the indication of breeding records by a different symbol.

The presentation of the black-and-white photographs is also considerably improved over

volume I, both in quality and editing of the captions. Although there are major contributions

of photos by the Cornell Laboratory of Ornithology and Dale and Marian Zimmerman
(New Mexico), Kansas photographers, notably Bob Gress, David Rintoul, Gerald Wiens,

Roger Boyd, Frank Shipley, and Calvin Cink, provide over half of the illustrations.

Kansas lies under the cross-hairs of the hundredth meridian and fortieth parallel. Hence,

the status and distributions of the state’s birds are important for interpreting the avian

biogeography of North America. After a hiatus of a quarter of a century in the treatment

ofthe region, Thompson and Ely have provided a valuable contribution to this understanding

through the compilation presented in these volumes.—John L. Zimmerman.

The Birds of Cyprus, 2nd Edition. By Peter R. Flint and Peter R. Stewart. British Omith.

Union Check-list No. 6, Dorchester, Dorset, England. 1992: 234 pp., 24 black-and-white

and 16 color plates (plus color cover), 11 maps, 3 tables, 1 graph, and a line-drawing

frontispiece. £18.00 in the United Kingdom and £20.00 overseas (prices include postage).—

This is the second edition of a B.O.U. checklist first published in 1983, as well as the fifth

significant compendium on the avifauna ofCyprus in the last 34 years. Such attention results

from several factors, the most significant probably being the island’s diverse and seasonally

abundant birdlife. In addition, as a former British colony (1878-1960) and continued host

to two of that country’s military bases, its avifauna has long been studied by English and

other foreigners— as well as increasingly by the people of Cyprus themselves. Finally, on

the negative side, the widespread exploitation of birds for sport and food has focused

increasing attention on Cyprus, as concerned Cypriots and others seek ways to deal with

this matter.

At 9250 km^, Cyprus is the third largest of the Mediterranean islands— after Sicily and

Sardinia. It lies in the easternmost part of that sea, as close to Turkey and Syria (visible on

clear days) as 72 and 105 km, respectively (plus about 370 km from Egypt). Elevations

reach 1961 m in the Troodos Mountains of the southwest and 1024 m in the northern

Kyrenia Range. Another of the island’s prominent features is the central plain (Mesaoria),

with a maximum span of 92 x 38 km and elevations generally below 100 m. Avian habitats
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in Cyprus are varied, many being the product of, and probably all altered by, the thousands

of years of human occupancy. Typical arc extensive grain fields and other croplands, vine-

yards, orchards of olive i,Olca europeu), carob {Ceratonia siliqua), and citrus (.Citrus spp.),

and pastures of grasses, forbs, and shrubs. Significant areas of Cyprus have been reforested,

notably in the Troodos Mountains— where native forests of conifers and broadlcaf trees also

persist. Mediterranean shrublands (maquis and gariguc) arc relatively widespread on the

island, mainly on non-arable sites. Other avian habitats include exotic plantings (e.g., Eu-

calyptus and Acacia spp.), halophytic communities (e.g., Salicornia), cliffs, and coastal islets,

plus salt lakes near Larnaca and Limassol. The climate features generally cool, wet winters

and hot, dry summers, with autumn and spring periods tending to be variable.

In this work, the birds of Cyprus and their habitats are treated under 25 separate sections.

Most important are those on the history of ornithological study; descriptions of the geog-

raphy, geology, climate, and vegetation; summation of the avifauna; discussion of bird

exploitation and conservation; annotated list ofaccepted species (grouped into non-passerine

and passerine sections); bibliography; indices to birds by scientihe and English names; and

appendices on rejected species, ringing (banding) and recoveries, bird finding, and a table

that depicts the seasonal occurrences of migratory species.

These authors accept 347 species of birds as confirmed in Cyprus, with 42 others rejected

for a variety of reasons. Of the accepted species, the largest segment consists of 220 (ca 200

occurring regularly) that are migrants between Eurasia and Africa, followed by 110 (90

regular) that winter on the island. The smallest segment consists of the 98 species that have

bred on Cyprus, ofwhich 46 are residents, 27 migrants, and 25 occasional or former breeders.

Twelve endemic and four near-endemic taxa have been described among the breeding birds,

all but two usually considered subspecies. The two exceptions are the Cyprus Pied Wheatear

(Oenanthe [pleschanka] cypiaca) and the Cyprus Warbler {Sylvia [melanocephala] tnelano-

thorax), treated here as full species. These two are widespread and common in Cyprus, while

six others of these taxa are known to breed only in the Troodos Mountains— with the Dipper

{Cinclus cinclus olympicus) now extinct. Other notable breeders among Cyprus birds are

Eleanora’s Falcon {Falco eleonorae), Audouin’s Gull {Larus audouinii). Masked Shrike

{Lanius nuhicus), and recently the Dead Sea Sparrow {Passer moabiticus).

In general, this book does a laudable job in its treatment of the birdlife of Cyprus. The

tome itself is a well-produced, although I suspect the flimsy binding will soon deteriorate—

even with its hard cover. I noted few typographical or similar errors, but one involving fact

appears on page 43: mist nets were used by bird banders in Cyprus as early as 1967, not

1 969. In terms of omissions, I am disappointed that Cypriot names for birds are not included

in this work— as these certainly exist and are useful in dealing with local people. In fact,

one would hope that Greek and Turkish versions of this checklist might eventually be

produced, which could be facilitated by the expanded involvement of Cypriots in the pro-

duction of the next edition.

As a final point, I commend the authors for their attempts to deal objectively and con-

structively with the problem of bird exploitation in Cyprus. Millions of birds are killed there

every year for sport or food, with the toll heaviest among species not generally regarded as

game in Europe and America. Such exploitation is ingrained not only among Cypriots but

other people in the Mediterranean region, and it has been practiced for centuries if not

millennia. It will not be controlled, much less eliminated, by outsiders approaching its

practioners in largely negative ways, such as by leveling unremitting criticism at them. Fur-

thermore, Cypriots can rightly counter by pointing out the “sins” of others, including habitat

destruction by the industrialized world. While charges and counter-charges may score points

in debates, they do little to help wildlife and its habitat. Given this, I urge the adoption and

expansion of positive approaches espoused in this book (e.g., education), not only in Cyprus
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but for related problems throughout the world. Finally, conservationists should be prepared

to accept compromise rather than no solution at all, such as an agreement that Cyprus will

work to control the exploitation of nongame birds for now and toward its elimination in

the future.—John P. Hubbard.

Wildlife Habitat Relationship Concepts and Application. By Michael Morrison,

Bruce G. Marcot, and R. William Mannan. The Univ. of Wisconsin Press, Madison, Wis-

consin. 1992: 33 pp., 11 black-and-white pictures, 55 captioned figures, 31 tables. $26.95

cloth.— In the preface the authors target their audience as “.
. . advanced undergraduate and

graduate students with a background in general wildlife biology and principles of ecology

. .
.” and “.

. . the practicing wildlife biologist.” The reader is recommended but not required

to have completed “A course in statistics through analysis of variance, including correlation,

regression, and inferential statistics. . .
.” The latter recommendation may exclude most of

those who fit the former (see below).

This long-awaited and well-written book is divided unevenly into seven chapters, the

longest being the “Multivariate Assessment of Wildlife Habitat” (61 pages). Apparently,

each chapter is designed to stand alone and has its own Literature Cited. Perhaps this is so

the reader may pick and choose the topics that are of interest, without having to read the

entire book?

Chapter One spends 14 pages, presenting a brief history of the concept of habitat and a

list of the many topics that the book will cover. Table 1.1 lists important legislation in the

a United States affecting animal habitat. Included are many of the major acts, but omitted

is the Federal Insecticide, Fungicide, and Rodenticide .Act (FIFRA) which, in terms ofdollars

expended, has had the greatest effect on the suitability of wildlife habitat. The section of

Ethical Concerns is excellent and should be read by all.

Chapter Two covers the concept ofhabitat from an ecological and evolutionary perspective

and, thus, rehashes much of the same material covered in an Introductory Ecology text,

e.g., Mengel’s time-honored model of warbler speciation by reproductive isolation (glacial

advances). Chapters one and two should probably be skipped, or at least skimmed, by all

but the most recent adventurers into the wildlife field.

Chapter Three effectively summarizes the relatively recent idea about habitat fragmen-

tation. The old adage of “good wildlife management creates more edge” is happily put to

rest in this chapter. Topics such as Landscape Ecology, Patch Dynamics, Role of Corridors,

Island Ecology, and the Dynamics of Metapopulations are explained in such detail as not

to scare off the neophy te but still to capture the interest of the experienced professional. To
me, this was the strongest chapter in the book.

Chapter Four deals with both the positive and negative aspects of measuring wildlife

habitat. The authors cover five main topics; whom, what, how, when, and where to measure,

stating that “.
. . a failure of any one of these five factors will likely result in a critical

weakness in the data set and place severe limitations upon the applicability of results to

various management situations.” Excellent guidelines are given for the selection of species

phase of a study. The difficulty of getting a true count of individuals is summarized and

references are given for more intense review. Diversity measures (i.e.. Shannon and Weaver)

are resurrected.

Chapter Five gives a very (overly?) long review of foraging behavior as it relates to wildlife-

habitat relationships. Certainly the topic is of interest, there has been a great deal of work

on the subject, and the authors are well-known in this area of research. But, it seems to me
that 43 pages are a bit too much, given the title of the book. The first four chapters, taken

together, and a greatly reduced version of Chapter Five would provide a very strong frame-

work for a “senior-level” wildlife habitat ecology course.
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Chapters Six and Seven are probably beyond the reach of the typical undergraduate wildlife

management major and probably most masters degree students. Chapter Six deals with the

development of predictive models which refer to . . estimating the presence, distribution,

or abundance of a wildlife species, or group of species given information on actual or possible

habitat condition.” Table 6.3 provides the reader with an excellent definition of useful

criteria needed when validating a wildlife-habitat relationship. Chapter Seven covers mul-

tivariate assessment of wildlife habitat. 1 found the coverage to be more than adequate, the

literature citations comprehensive, and the strengths and weaknesses of the various tech-

niques explained in as a non-technical manner as possible. I learned from reading it. But,

again, I wonder if the intended audience would really grasp the topic. Perhaps, getting a

brief overview is all that a manager really needs?

The book has few editorial flaws, including a misspelling here and there and some missing

lines of figures (e.g.. Fig 4.2). On page 71, the authors apparently mis-classify a short-tailed

shrew (Blarina brevicauda) as a vole. But these are relatively minor when compared to other

first printings and do not detract from the overall appeal of the book.

In sum, this is an excellent book and well worth the $26.95 suggested price. The math is

non-scary, the layout appealing, and the coverage is more than adequate. The authors should

be complemented for providing us with such a fine book. Finding the appropriate audience

is going to be a challenge.— Robert C. Whitmore.

Molt of the Genus Spizell^a (Passeriformes, Emberizidae) in Relation to Ecolog-

ical Factors Affecting Plumage Wear. By Ernest J. Willoughby. Proc. West. Found.

Vert. Zool. 1991, 4:247-286. 15 numbered text figs., 9 tables. $5.00.— Devoid of the ex-

citement and adventure that accompany many areas of ornithology, the study of molt in

birds requires uncommon dedication. Hours must be spent squinting at feather bases exposed

with a long needle under a magnifying lamp or dissecting microscope. Vapors ofcarcinogenic

fumigants from the skins being inspected waft up and bum the eyes. Handling older spec-

imens, which frequently were dusted with arsenic, can cause persistent rashes. Dried bodies

of lice and dander sift onto the data sheets. Worst of all, students of molt are branded as

unimaginative practitioners of 19th century descriptive biology and find scant support for

their work even within the profession. Not surprisingly, this is an uncrowded field. Wil-

loughby’s new publication is thus a welcome sign of continued interest in this important

but often neglected branch of avian biology.

Willoughby hypothesizes that three broad factors presumably affect plumage wear— total

solar radiation, relative exposure to abrasive vegetation, and relative dryness of habitat.

Because the seven species of Spizella occupy a spectrum of habitats that vary with regard

to the aforementioned factors, the molts of these sparrows are eminently suitable for com-

parative study. The author painstakingly examined hundreds of specimens of each of the

six common species of the genus, the Field Sparrow {S. pusilla). Chipping Sparrow (S'.

passerina), American Tree Sparrow (S. arhorca). Clay-colored Sparrow (S. pallida). Brewer's

Sparrow {S. hreweri), and Black-chinned Sparrow (S. atrogularis). Specimen data were sup-

plemented by information from captive Chipping and Field sparrows. The resulting data

allowed description of fundamental aspects of the timing, extent, and variation of molt.

Scores for molt condition and relative amount of wear permitted quantitative assessment

of these variables. Insufficient material of the seventh Spizella, the rare Worthen’s Sparrow

[5. wortheni], was available to justify its inclusion. However, existing data on this species,

gathered decades ago by J. D. Webster, suggest that its molts are unusual for the genus and

need further investigation.

Willoughby’s hypotheses enabled the testing of explicit predictions. For example, possible

effects of solar radiation were tested through comparison of molts of species wintering in



542 THE WILSON BULLETIN • Vol. 105, No. 3, September 1993

similar habitats but at different average latitudes because lower latitudes are associated with

higher radiation. Similarly, the effects of abrasive vegetation were studied by comparing

molts of species encountering differing levels of abrasion in their habitats. Finally, Wil-

loughby predicted greater frequency of molting and increased rate of plumage wear in arid

regions typified by high levels of solar radiation and abrasion from windblown particles and

rough desert vegetation. This prediction was examined by determining the relative aridity

of both breeding and wintering ranges of subspecies, through comparisons with mapped
climatic provinces, and then ranking the taxa accordingly.

Extent and patterns of molt were strongly idiosyncratic among species. Field, Chipping,

and Black-chinned sparrows undergo a prebreeding molt that results in a distinctive breeding

plumage which is lacking in their congeners. The same three species protract this molt

throughout the nesting period by repeatedly replacing face, chin, and throat feathers, a pattern

not shown by the other species with shorter breeding seasons. A major finding of the paper

is that the extent of prebreeding molt is correlated with rate of plumage wear and that the

latter is correlated with probable level of exposure to abrasive vegetation during the nesting

season. Willoughby concludes from this result that “the primary action of increased molting

is to protect against plumage degradation, rather than to change plumage coloration for

signaling.” The potential generality of these findings beyond Spizella would be worth ex-

ploring.

Typically, both postbreeding and postjuvenal molts are completed on the nesting grounds

in all species. However, many individual Clay-colored and Brewer’s sparrows, and a few

American Tree Sparrows, interrupt the fall molts for purposes of migration and finish the

molt on the wintering grounds. Postjuvenal molt varied from complete replacement of flight

feathers in some Field Sparrows, molt of only secondaries 7-9 and a few rectrices in the

Clay-colored and Brewer’s sparrows, to retention ofall juvenal flight feathers in the American

Tree and Black-chinned sparrows.

Population differences also were noted, although these were incompletely studied. North-

ernmost breeding populations of the Chipping Sparrow have the most extensive prebreeding

molt. Different geographic components of the Black-chinned Sparrow showed pronounced

variation in molt. Many individuals of the nominate form, for example, replaced most of

the body plumage through the breeding season, a pattern not seen in other subspecies.

Overall, extensive interspecific and intraspecific variability occurs both in the timing and

progression of molt within local plumage areas.

As limited previous work with other taxa has demonstrated, the research on Spizella

underscores the generalization that molting patterns of birds are remarkably variable. Al-

though this variability has not been convincingly explained in any species of bird, Wil-

loughby’s approach of testing the predictions of specific hypotheses can be recommended

as an especially promising methodology.

A welcome contribution of this paper is its scholarly critique of the Humphrey-Parkes

(H-P) system ofmolt-plumage terminology. This system poorly accommodates molt patterns

in Spizella. Furthermore, its several major weaknesses also extend to other taxa of birds.

The author concludes that “the H-P system is not useful in the ways its authors intended”

and recommends a reversion to more traditional terminology with its “superior adaptability,

heuristic value, and information content.” Willoughby’s persuasive arguments should be

weighed carefully, not only by students of molts and plumages generally but also by those

editors who persist in requiring authors to use a system of nomenclature which has little to

recommend it beyond current popularity.— Ned K. Johnson.

Birds of Prey of the British Isles. By Brian Martin. Ulus, by Alastair Proud. David &
Charles (Publ.), distributed by Trafalgar Square, North Pomfret Vermont. 1992: 192 pp..
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24 color printings with captions, 39 plates with captions, flight silhouettes, numerous vi-

gnettes. $39.95.—The number of books treating birds of prey continues to increase, and the

author of this book has attempted to come up with something a bit different. He has brought

together information on 1 7 regularly occurring or breeding diurnal raptors, and six nocturnal

raptors plus 20 vagrant raptors of the British Isles. The leading 17 pages are somewhat of

the style of some of Leslie Brown’s books on raptors. Those pages treat the raptor’s Design

for Living, Special Adaptations (e.g., plumage, vision, hearing, feet, digestion, etc.), and

Relations with Man (e.g., legends, falconry, shooting, pesticides, habitat loss, etc.). There-

after, the book is a typical species account of each species in which the author marches

through each with a clearly defined format.

The species accounts differ from many texts in the topics covered. A particularly delightful

aspect to me were aspects covered in the beginning topic in which the author treated a brief

History and Conservation. He starts with the fossil record, where known, and works up to

current times, presenting many interesting facts. Did you know, for example, that 1 1 of the

regularly occurring species had Pleistocene/Holocene fossils from deposits in Derbyshire or

Devon or both? While those locations must be rich in fossil beds it turns out that most of

the 23 main species were represented by Pleistocene fossils. Other topics within each chapter

are Distribution and Population; Field Characters and Anatomy; Breeding; Diet; and Mi-

gration, Movement and Roosting. Overall, each species account is a timely and light dis-

cussion with enough new information or “meat” to keep the interest of everyone from the

novice to the professional. He has used over 1 12 references in collecting information.

One mildly annoying item is the treatments of vagrants. I was left wondering for some
species just how often they do occur. For example, for the Red-footed Falcon {Falco

pertinus) there is little question as to its status since a fairly good overview is presented. On
the other hand, the American Kestrel {F. sparvarius) and Eleonorae’s Falcon {F. eleonorae)

are mentioned in such a way as to indicate that there are but single records, but this is not

made clear. Might there have been two specimens ofeach? Furthermore, the author indicates

that the record for the Red-shouldered Hawk {Buteo lineatus) was not acceptable for the

national list but at the same time the even more unacceptable record of a pair of Neotropical

Mottled Owls {Strix virgata) was mentioned, seemingly accepted by the national list, without

comment.

The paintings are very' well done and for the most part accurate. The female Merlin {F.

columharius) however is too long and stretched out while the Kestrel {F. tinnunculus) is a

bit too short winged. Some, for example the Kestrel, are reminiscent of George E. Lodge’s

paintings but Proud does maintain a seeming uniform style of his own. The Long-eared

Owl {Asio ofus) is to me particularly pleasant and well done, especially because of its posture

and habitat setting.

With so many books available on birds of prey, this one is particular appealing, for a

limited geographic range, because of the interesting data not often seen, and the accompa-

nying modest price. It would make a good gift item and is tailored to a wide audience.—

Clayton M. White.

Annotated List of the Birds of Pennsylvania. By Steven J. Santner, Daniel W. Braun-

ing, Glenna Schwalbe, and Paul W. Schwalbe. Pennsylvania Biological Survey Contribution

Number Four. (Available from Pennsylvania Birds, 2469 Hammertown Road, Narvon

Pennsylvania 17555.) 1 992; 57 pp., color plate on cover. $4.72 ( -I- $1 postage + $0.28 state

tax).— While a very thorough Breeding Bird Atlas is currently in press, there has been no

full scale treatment of all the birds of Pennsylvania for many years. The attractive publication

at hand does not totally rectify that situation, but it does serve to provide a useful summary

of the seasonal and distributional status of the 368 species on the official state list. An
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additional 48 species are included in a “Supplemental List” ofextinct and extirpated species,

as well as those for which the evidence of occurrence in the state is uncertain.

The core of the book is the familar set of bar graphs indicating not only which time

periods of occurrence but also the status in each of the seven “Ornithological Regions”

recognized for the state. A short, four- or five-line paragraph summarizes each species.

Dates, locations, and references are given for the rarer species.— G.A. H.

Identification Guide to European Passerines. By Lars Svensson. Available from The
British Trust for Ornithology, The Nunnery, Nunnery Place, Thetford, Norfolk, IP24 2PU,

England. 1992: 368 pp., many black and white drawings. £25.— This is the fourth English-

language edition of what has become an important and useful tool for European banders.

Detailed descriptions aid not only in the identification of species but also determination of

age and sex classes. Approximately 20 North American species are discussed.— G.A. H.

REPRINTS OF OLD CLASSICS

A Naturalist in Costa Rica. By Alexander F. Skutch. Univ. Press ofFlorida, Gainesville.

1992: ix + 382 pp., 69 black-and-white photographs. $16.95 (paper).—An unrevised reprint

of the original 1971 publication. See review: Wilson Bull., 84:358-359 (1971).— G.A.H.

The Imperative Call. A Naturalist’s Quest in Temperate and Tropical America. By

Alexander F. Skutch. University Press of Florida, Gainesville. 1992: x -I- 331 pp., 48 black-

and-white photographs. $16.95 (paper).—An unrevised reprint of the original 1979 publi-

cation. See review: Wilson Bull., 93:425 (198 1). — G.A.H.

Born to Sing. By Charles Hartshome. Indana University Press, Bloomington, Indiana.

1992: xvi -I- 304 pp., $35 (cloth), $12.95 (paper).—An unrevised reprint of the original 1973

publication. See review: Wilson Bull., 85:517-519 (1973).— G.A.H.

NORTH AMERICAN LOON FUND GRANTS

The North American Loon Fund (NALF) announces availability of 1 994 grants in support

of management, research, and educational projects directly related to the conservation of

the family Gaviidae. Proposals in the range of $500.00 to $3000.00 are most likely to be

considered for funding. Further guidelines for prospective applicants are available upon

request from the NALF Grants Committee. Deadline for submission ofproposal is December

15, 1993. Funding awards will be announced by March 30, 1994.

Please submit guideline request to: North American Loon Fund, 6 Lily Pond Rd., Gilford,

New Hampshire 03246.

This issue of The Wilson Bulletin was published on 1 September 1993.
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Bicknell’s Thrush, Catharus hicknelli, in its breeding habitat in southern Quebec, a second

growth coniferous stand. Original acrylic painting by John F. Crosby.
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BICKNELL’S THRUSH: TAXONOMIC
STATUS AND DISTRIBUTION

Henri Ouellet'

Abstract.—The southeastern population of the Gray-cheeked Thrush (Catharus mini-

mus), found in southern Quebec, the Maritime Provinces, and in the higher areas of parts

of the New England States, has been considered to be a subspecies (C. m. bicknelli) since

its description in 1882. Recent information and analyses show that Bicknell’s Thrush is

different from the Gray-cheeked Thrush as follows (1) it has well marked morphological

differences when compared to adjacent populations ofthe Gray-cheeked Thrush, particularly

in size and coloration, (2) its breeding and wintering ranges do not overlap with the ranges

of the other populations of C. minimus, (3) it has a different song from that of C. minimus,

(4) it does not respond to playbacks of songs of C. m. minimus or C. m. aliciae songs

presented during the breeding season in its territories, (5) it uses different habitats, particularly

mixed second-growth stands in coastal and higher parts of southern Quebec and in the

Maritime Provinces, (6) there is no known intergradation or hybridization between it and

Gray-cheeked Thrush populations, like C m. minimus and C. m. aliciae, and (7) it has a

high level of sequence divergence in the number of its fixed fragment patterns as revealed

by biochemical analyses. It is considered to be a relict taxon from a past refugium, probably

located in the Sable Island area and adjacent banks. It may have diverged from an ancestral

population shortly after the beginning of the Pleistocene. This hypothesis is supported by

the biochemical information as well as the glacial and ecological evolution theories of

northeastern North America. It is recommended that (1) the bicknelli population be treated

as a full species, Catharus bicknelli (Ridgway), [
1 882. Proc. U.S. Nat. Mus., 4:377, Hylocichla

aliciae bicknelli], with Bicknell’s Thrush as its English name, and “Grive de Bicknell” as

its French name, and (2) the other populations of the Gray-cheeked Thrush retain their

current status within Catharus minimus (Lafresnaye) [1848, Rev. Zool., 11 (1):5, Turdus

minimus]. Received 20 Aug. 1992, accepted 8 Dec. 1992.

The Gray-cheeked Thrush {Catharus minimus), a thrush of the boreal

forest region, occurs in suitable habitats throughout its breeding range

from Newfoundland to Alaska, with extensions in the northern New
England states and in northeastern Siberia (A.O.U. 1983, Allen 1909,

‘ Canadian Museum of Nature, P.O. Box 3443, Station D, Ottawa, Canada KIP 6P4.

545



546 THE WILSON BULLETIN • Vol. 105, No. 4, December 1993

Fig. 1 . Breeding distribution of the Gray-cheeked Thrush {Catharus minimus) based on
several sources (Vaurie 1959, A.O.U. 1983, Godfrey 1986, Stepanyan 1990).

Stepanyan 1990, Vaurie 1959, Godfrey 1986; Fig. 1). Geographic vari-

ation has been known for a long time (Baird 1858, Bicknell 1 882, Ridgway

1882) and has led to the recognition of three subspecies (Wallace 1939,

A.O.U. 1957). One of these, Bicknell’s Thrush {Catharus minimus bick-

nelli), was described on the basis of morphological differences found in

specimens collected at the higher altitudes of mountainous areas in New
England (Ridgway 1882). In a classic work, Wallace (1939) studied the

distribution, life history, and taxonomy of this subspecies and that of the

other subspecies of Catharus minimus. He proposed that the birds from

the island ofNewfoundland are different from those ofthe adjacent main-

land and belong to the nominate subspecies. He resolved the nomencla-

tural problems related to the original description of the Gray-cheeked

Thrush as Turdus minimus by Lafresnaye (1848), based on a specimen

taken at Bogota, Colombia. Finally, he dispelled the confusion resulting
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from subsequent nomenclalural proposals and changes (Sclater 1 854; Baird

1 864; Bangs and Penard 1919; Wetmore and Swales 1931; A.O.U. 1 886,

1895, 1910, 1931).

Since 1957 (A.O.U. 1957), Bicknell’s Thrush has been accepted gen-

erally as a subspecies of the Gray-cheeked Thrush, essentially as proposed

in the original description (Ridgway 1882, 1907) and subsequent evalu-

ation of the taxon (Wallace 1939), notwithstanding the earlier nomencla-

tural changes and recommendations. The song of Bicknell’s Thrush was

alleged to be unlike that ofother Gray-cheeked Thrush populations (Gillet

1935), and variations in song were confirmed later by Wallace (1939) but

ignored by Stein (1956). In the meantime, little importance was given to

song differences because recordings have been difficult to acquire, pre-

venting objective song comparisons among populations.

The winter distribution of Bicknell’s Thrush remained poorly known,

and much confusion persisted about the wintering ranges of subspecies

until Wallace (1939) cleared the confusion related to the identification

and origin of the type. However, incomplete and inaccurate information

persisted in the literature, even in the fifth edition of the A.O.U. Check-

list (A.O.U. 1957). The winter range of Bicknell’s Thrush is still undefined

for the most part and may be situated in areas subjected to environmental

pressures as reported for many other species (Askins 1992, Terborgh

1989).

Todd (1963) speculated about intergradation between C. m. bicknelli

and the northeastern population, C. m. aliciae, found on the north shore

of the Gulf of St. Lawrence, east of Natashquan, Quebec, and in southern

Labrador. Variation in the dorsal coloration of bicknelli was recognized

by both Wallace (1939) and Todd (1963), the latter suggesting that the

birds of the northern part of the range (e.g., Quebec, Labrador, and Mar-

itime Provinces) were sufficiently different from those ofNew England to

warrant subspecific recognition but he recognized a northern continental

population which he designated as C. m. aliciae and restricted the nom-

inate form, C. m. minimus, to the island of Newfoundland (Todd 1963).

Godfrey (1986) followed that treatment.

Personal field observations, examination ofspecimens, and comparison

of song recordings from various parts of the range of the Gray-cheeked

Thrush, in eastern Canada and the United States, revealed differences

among birds of southern Quebec (C. m. bicknelli) and birds from New-

foundland and northern Quebec (C m. aliciae and C. m. minimus) (A.O.U.

1957, Godfrey 1986, Todd 1963), which led me to undertake a more

detailed study of the eastern populations. Concurrently, I completed de-

tailed examinations of specimens in collections and a survey of the lit-

erature since Wallace’s publication (1939). Except for a discussion by
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Todd (1963) of the subspecific status of the eastern populations, papers

on the taxonomy and behavior of the genus Catharus and Hylocichla

(Dilger 1956a, b, c), and information on the ecological relationships of

the Gray-cheeked Thrush with other species occupying similar habitats

(Sabo 1980, Sabo and Holmes 1983), little had been added to what Wal-

lace (1939) had reported earlier.

MATERIALS AND METHODS

Specimens. —Specimens from breeding populations were adults of known sex in fresh or

relatively fresh definitive (nuptial) plumage; badly worn or discolored specimens were not

used. For migratory and wintering populations, specimens of both sexes, regardless of age

or plumage condition were retained for obtaining measurements or coloration data for

comparison purposes, but heavily worn or discolored individuals were rejected.

List of localities.— Locality data were obtained from specimen labels and adjusted to

contemporary designations given in official atlases, gazetteers, or on maps for specimens of

Canadian origin; in the other cases they correspond to the designations of road maps or

international or regional atlases and gazetteers (Paynter 1982; Paynter and Traylor

1977, 1981).

At least one breeding specimen was studied from; Labrador: Assizes Harbour, Cape

Charles, Groswater Bay, L’Anse-au-Clair, Makkovik, Manak Island, and south of Scheffer-

ville. Massachusetts: Granville, Mount Greylock. New Brunswick: Riviere-Verte, Popple

Depot. Newfoundland; Bay of Exploits, Blow Me Down, Brigus, Connoire Bay, Comer
Brook, Custlett, Deer Pond, Eddies Cove, Englee, Flat Island (St. John Bay), Fogo Island,

Garnish, Glenwood, Grand Lake, Grandy Brook (45 km N Burgeo), La Scie, Lewisporte,

Nicholsville. Otter Cove (Canada Bay), Pistolet Bay, Placentia, Port Saunders, Quirpon,

South Brook, St. Anthony, St. George’s Bay, Table Mountain. New Hampshire: Carter’s

Dome, Carter’s Notch, Mount Madison, Mount Moosilauke, Mount Washington. New York:

Big Indian Valley, Slide Mountain, Whiteface Mountain. Nova Scotia: Seal Island. Quebec:

Caniapiscau, Godbout (20 km north). Grand Portage (Sainte-Marguerite River), Grosse He

(lles-de-la-Madeleine), Kuujjuaq (Fort Chimo), Lac a Pierre, Lac Elysee (Charlevoix), Lac

de la Frontiere (north of Schefferville), Lac Brisay, Lac Vincelotte, Lac Chaumont, Lac

Stewart (near Kuujjuak), Mont Megantic, Mont de la Table, Mont Sir-Wilfrid, Mont Jacques-

Cartier, Mont-Saint-Pierre, Perce, Pointe de Natashquan, Portage-Saint-Helier, Poste-de-

la-Baleine, Riviere du Petit Mecatina, Riviere Korok, Saint-Urbain (43 km northwest),

Schefferville. Saint-Pierre and Miquelon: Little Miquelon Island. Vermont; Mount Killing-

ton (Sherburne), Mount Mansfield.

Migrating or wintering specimens from Canada (Ontario, Quebec, the Maritime Provinces,

Manitoba, Saskatchewan) and the United States (Illinois, Iowa, Maryland, Massachusetts,

Minnesota, Montana, Nebraska, New Jersey, New York, North Dakota, South Carolina,

Virginia, Wisconsin), Belize, Bermuda, Colombia, Costa Rica, Dominican Republic, Ec-

uador, Guatemala, Guyana, Honduras, Panama, Swan Islands (U.S.A.), and Venezuela have

been examined.

Plumage coloration.— Color classes were determined on the basis of the dominant col-

oration of the specimens. These were grouped by sex and assigned to one of the color classes

that I have recognized for various regions ofthe body: (1) Four dorsal coloration categories—

olive, olive gray, olive brown, and brown. (2) Three tail color classes— chestnut, olive brown,

and olive. (3) Four throat color classes— very light buff, light buff, medium buff, and deep

buff. (4) Three ventral coloration classes— white, whitish, and buffy white.
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Body measurements. — measuremenis were taken using electronic dial calipers,

and the terminology used in this work appears in square brackets when diflerent from the

longer and more exact terminology: chord of unllattened wing [wing], tail length [tail],

exposed culmen [culmen], bill length from a nostril to tip [bill-nostril], tarsus length [tarsus],

mass, and total length [length]. All measurements are in millimeters and are recorded to

the nearest 0. 1 mm, except for the mass which is in grams and is recorded to the nearest

0.
1 g, and the total length in centimeters, to the nearest 0. 1 cm.

Statistical treatment.— Analysis of variance (ANOVA) and multiple comparison tests

based on Tukey’s Honestly Significant Difference procedure (Tukey-HSD Procedure) were

used for all mensural characters and were conducted with SPSS-PC. Coloration data were

analyzed using a G-test (Sokal and Rohlf 1981).

Vocalizations. — My recordings were made using a Nagra 4.2 tape recorder with a Sennhei-

ser MKH 815T shotgun microphone at a speed of 19.05 cm/sec or a Panasonic SV-250

Digital Audio Tape recorder with a Beyerdynamic MC 737 shotgun microphone. Other

recordings were provided by J. T. Marshall, who used a Sony TCD-5M stereo cassette

recorder and a Sony Walkman Professional stereo cassette recorder with two Sennheiser

ME 80 directional microphones inserted 30 cm apart. Additional recordings from New
England, Quebec, Manitoba, and Alaska were provided by Cornell University Library of

Natural Sounds (recordings by P. P. Kellogg and W. W. H. Gunn). Sounds, songs and calls,

were analyzed and measured on a Multigon Uniscan II sonograph. Song playbacks were

presented on a Sony TC-1 10 cassette recorder. In 1989, a three minute recording of full

songs of Catharus minimus aliciae from northern Quebec, C m. minimus from Newfound-

land (courtesy of J. T. Marshall), and bicknelli from southern Quebec was used, whereas a

two minute tape with only songs of bicknelli was used in 1990.

RESULTS

Color variation in breeding individuals.— Body coloration of breeding

individuals from eastern Canada and United States varies to a great extent,

particularly in the dorsal and ventral regions, tail and throat. No inter-

sexual difference was found, but the differences between the dorsal col-

oration classes and the geographic origin of the specimens are significant

for males as well as females (6: G = 50.27, P < 0.05, df = 6, N = 106;

9: (7 = 21.52, P < 0.05, df = 6, N = 43; Fig. 2), specimens of the bicknelli

group being more frequently ‘olive brown’ dorsally. ‘Olive’ is dominant

in the minimus groups, whereas ‘olive gray’ has not been found in the

breeding series of bicknelli.

Three classes have been recognized in the coloration ofthe tail (chestnut,

olive brown, and olive), and no intersexual difference has been found in

this character. The data for both sexes have been combined and show a

significant difference in the three classes on the basis of the geographic

origin of the specimens. Specimens of bicknelli have almost consistently

a ‘chestnut’ tail, whereas the tail is ‘olive’ or ‘olive brown’ in the minimus

and aliciae samples {S\ G = 366.34, P < 0.05, df = 4, N = 118; Fig. 3).

A noteworthy variation has been observed in the coloration ofthe under

parts based on color classes established for the throat region, including
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DORSAL COLORATION
%

minimus

femaJes

aJiciae

females

bicknelli

femaJes

minimus

males

aliciae

males

bicknelli

males

Fig. 2. Color classes of dorsal coloration, by sex, in eastern populations of Catharus

minimus.

the upper abdomen, and the ventral region, from the upper abdomen to

the under tail coverts. Differences in throat coloration among the males

of the three samples proved to be significant and indicate that males of

bicknelli have more buffy throats than those of the other two groups {G

TAIL COLORATION
[males and females]

Olive brown

COLOR CLASSES

Olive

minimus

aliciae

bicknelli

Fig. 3. Color classes of tail coloration, males and females, in eastern populations of

Catharus minimus.
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THROAT COLORATION

Very light buff Light buff Medium buff

COLOR CLASSES

Deep buff

minimus

females

aJiciae

females

bicknelli

females

minimus

males

aliciae

males

bickr>elli

males

Fig. 4. Color classes of throat coloration, by sex, in eastern populations of Catharus
minimus.

= 15.92, P < 0.05, df = 4, N = 89; Fig. 4). The situation is different in

females, and no significant difference was found among samples {G =

8.13, P > 0.05, df = 4, N = 41; Fig. 4).

Significant intersexual and inter-sample differences were found in the

coloration of the ventral regions (5: G = 14.15, F < 0.05, df = 4, N =

87; 9: G = 10.43, P < 0.05, df = 4, N = 41; Fig. 5) and indicate that the

white of the under parts of the bicknelli sample is duller than that of the

other samples, being often tinted with a grayish wash.

The soft parts colors of bicknelli are different from those of minimus
or aliciae. The base, or proximal half, of the mandible is ‘bright pale

yellow’ in bicknelli, whereas it is ‘flesh’ or ’yellowish flesh’ in the other

two populations. The dark distal area is more extensive in aliciae and

minimus, thus reducing substantially the light proximal region in those

populations. The maxilla varies from ‘blackish brown’ to ‘black’ in all

populations. The rictal region is pale, varying from flesh to yellowish flesh

in the three populations. In bicknelli, the color of the legs varies from

‘light purplish flesh’ to ‘purplish flesh’ and the tarsus is often pigmented

with a darker brownish wash in a small number of individuals, but the

toes are, in all cases, darker than the tarsi. In the other two populations,

the legs have a lighter ‘flesh’ color heavily tinted with a ‘brownish black’

wash that often conceals the basal coloration, and the toes are always

much darker. The soles of the feet vary from ‘flesh’ to ‘dull pale yellow’

in bicknelli but are of a truer and brighter ‘yellow’ in the other two
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VENTRAL COLORATION
%

minimus

females

aJiciae

females

bicknelli

females

minimus

males

aliciae

males

bicknelli

males

COLOR CLASSES

Fig. 5. Color classes of ventral coloration, by sex, in eastern populations of Catharus

minimus.

populations, particularly in minimus from northern Quebec and Labra-

dor.

Morphometries ofbreeding individuals, —^ody dimensions of breeding

birds from eastern Canada and United States are larger in the northern

part of the breeding range, as revealed by a series of linear regressions of

several body measurements on latitude. Figure 6 illustrates the situation

for wing length (r = 0.52, N = 219, P < 0.0001, Y = 0.72x + 62.18).

The other body dimensions, such as exposed culmen (r = 0.32, N = 210,

P < 0.0001, Y = 0.06x + 10.22), culmen from nostrils (r = 0.34, N =

206, P < 0.0001, Y = 0.04x + 7.35), tarsus (r = 0.31, N = 212, P <
0.0001, Y = 0.07x + 26.20), and mass (r = 0.64, N = 82, P < 0.0001,

Y = 0.57x + 2.50) display the same northward increase in size. All the

body dimensions ofthe bicknelli sample also follow this trend, on a smaller

scale, and attain largest size in the northern part of their range.

A two-way analysis of variance (ANOVA) performed on body dimen-

sions (chord of wing, tail, exposed culmen, culmen length from nostrils,

and tarsus) indicates significant interpopulation and sexual differences

among samples, with the exception of the exposed culmen and culmen

length from the nostrils, for which no significant intersexual difference

was detected (Table 1). Differences among samples are significant for

nearly all body dimensions, but intersexual differences, where they occur,

are much lower.
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LATITUDE NORTH (°)

Fig. 6. Regression ofwing length on latitude in eastern populations of Catharus minimus

and ""bicknelir.

Comparisons based on Tukey-HSD Procedure {P < 0.05) show that

wing length is significantly different in the males of the three groups

(Newfoundland, northern Quebec, bicknelli), being shortest in bicknellr,

in females, it is significantly shorter only in bicknelli. Tail and tarsus

lengths of both sexes, as well as mass (males only), are significantly smaller

in bicknelli than in the other two populations. Bill measurements (exposed

culmen, nostril-tip) are significantly shorter in males and females of bick-

nelli but no significant difference was found in this character among the

other two populations.

Measurements and data pertaining to the three populations of Catharus

minimus diVid bicknelli reveal that bicknelli has the smallest measurements,

except for the mass of females which can probably be accounted for by

the small size of the sample (Table 2). Specimens from northern Quebec,

including northern Labrador, have the largest body dimensions, whereas

the Newfoundland population is intermediate in size for most dimensions,

although these differences are not always statistically significant between

it and the individuals from northern Labrador and northern Quebec.

Vocalizations. — Songs of birds of the minimus group are different from

those of the bicknelli population. Each song type can be identified in the

field once it has been learned. To characterize and measure the differences

observed in the song of each population, each song was broken down into
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Table 1

Analysis of Variance of Main Morphometric Characters of Three Populations of

Catharus minimus Specimens from Eastern Canada and United States: minimus,

ALICIAE, AND BICKNELLI

N df F p

Wing
Main effects

230

3 218.563 <0.0005

Sex 1 113.654 <0.0005

Regions 2 300.219 <0.0005

Tail

Main effects

230

3 50.023 <0.0005

Sex 1 66.627 <0.0005

Regions 2 51.526 <0.0005

Exposed culmen

Main effects

230

3 14.916 <0.0005

Sex 1 0.182 >0.0005

Regions 2 22.283 <0.0005

Bill from nostril

Main effects

230

3 20.409 <0.0005

Sex 1 0.025 >0.0005

Regions 2 29.881 <0.0005

Tarsus

Main effects

229

3 33.550 <0.0005

Sex 1 24.290 <0.0005

Regions 2 43.368 <0.0005

four basic parts: Part I, a series of 3-4 introductory notes ('"chuck-chuck-

chuck""); Part II, an initial phrase with a relatively high frequency; Part

III, a middle phrase where the frequency is lower than in the preceding

part; and. Part IV, a final phrase, which is the most different part of the

two song types.

Part I was not analyzed because it is missing in too many recordings;

these introductory notes can be heard and recorded only when the recorder

is near the singing bird (±10-12 m). Each part of the song has a unique

pattern (Fig. 7) and characteristic values (Table 3).

The mean durations of Parts II and IV are significantly different in the

two populations whereas the difference is not significant in Part III, the

mean duration being longer only in Part II of bicknelli songs. High fre-

quencies are higher in Parts II and IV of bicknelli, with a significant

difference only in Part IV. The difference between the two taxa is not

significant in Part III. Low frequencies are significantly and consistently
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0

I 1

0.5 sec

Fig. 7. Representative sonograms of songs of Catharus populations: A— minimus, Que-
bec, Schefferville, 23 June 1977. B— minimus, Manitoba, Mile 17 on Twin Lake Road,
Churchill, 19 June 1958 (L.N.S. No. 58380). C—bicknelli, Quebec, Mont Megantic, 7 June
1989. D—bicknelli, Quebec, Charlevoix Co., 35 krn north of Saint-Urbain, 14 June 1990.
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Table 3

Quantitative Characteristics of Songs from Two Groups of Individuals
Recorded in the minimus and bicknelli Breeding Ranges. Part I of Song was Left
Out because of Small Sample Size. Amplitude is the Value Obtained from the

Difference between Highest and Lowest Frequencies

minimus song bicknelli song

N Mean SE N Mean SE

Part II

DuratioiT* 52 0.6063 0.0269 32 0.7713 0.0361

High kHz 52 7067.69 134.6401 32 7217.50 1 14.7640

Low kHz* 52 2641.15 57.9083 32 321 1.87 174.3580

Amplitude* 52 4423.85 144.0316 32 3834.69 21 1.6925

Part III

Duration 52 0.6227 0.0332 32 0.5639 0.0425

High kHz 52 6603.08 1 17.9710 32 6450.00 149.3966

Low kHz* 52 2463.08 41.4131 32 2907.81 69.5908

Amplitude* 52 4140.00 120.2887 32 3750.00 153.0655

Part IV

Duration* 52 0.8185 0.0480 32 0.6059 0.0403

High kHz* 52 5049.62 123.4820 32 6027.50 83.9054

Low kHz* 52 2053.85 57.5296 32 2878.75 112.1412

Amplitude 52 3051.92 130.9683 32 3148.75 127.4848

* P < 0.005 (least significant differences procedure).

“ Time in milliseconds.

higher for bicknelli, whereas amplitude is significantly higher for minimus
in Parts II and III. The relationships between the high and low frequencies,

and the amplitude of Part IV, indicate that the final part of the song of

bicknelli is much different from that of minimus, the mean high and low

frequencies of bicknelli being almost 1000 kHz higher in both instances.

The song of bicknelli is consistently high in Part IV and the frequency

does not fall to lower frequencies towards the end of the vocalization as

in minimus: it remains constant or increases (Fig. 7). This difference can

be detected in the field and provides an accurate means of identification.

In call notes, mean high frequency tends to be higher in bicknelli (5751.1 1

kHz, N = 29) than in minimus (4616.00 kHz, N = 25). The mean low

frequency is statistically different in both samples (3208 kHz and 2304

kHz, N = 26), but no significant difference was found in the duration of

the call notes of the two taxa (3052 msec and 2924 msec, N = 25).

Although both taxa usually sing from well-concealed perches, rarely

above 6-8 m from ground level, they do sing in more open situations,

sometimes fully exposed, at heights reaching 12-18 m. Songs from the
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Table 4

Reactions to Playbacks of C. m. minimus, C. m. aliciae, and "‘‘bicknelli" Songs in

THE Breeding Range of bicknelli" during the Field Seasons of 1989 and 1990

Number of playbacks

Number of responses

by bicknelli Percent

1989 187 [bicknelli song] 89 47.6

125 [minimus song] 0 0

1990 106 [bicknelli song] 49 46.2

minimus and bicknelli populations are usually given from perches. How-
ever, I have heard and observed flying birds in full song three times: Mont
de la Table, Gaspe Peninsula, 9 June 1989, about 07:30 h; Mont Sir-

Wilfrid, 21 June 1989, about 21:30 h; Saint-Urbain, Charlevoix, 15 June

1990, 21:45 h.

Reactions to songplaybacks. Songs ofbirds from central and southern

Quebec were played back in various habitats in southern Quebec. The
results of this experiment (Table 4) show that in the range of bicknelli no
reaction was obtained from the playbacks of aliciae or minimus songs. In

contrast, songs of bicknelli elicited reaction from bicknelli in over 45

percent of the playbacks during the breeding seasons of 1989 and 1990.

Biochemical analysis.—An analysis of mitochondrial DNA (mtDNA)
differentiation between Catharus minimus and C m. bicknelli, using RFLP
technique (Quinn and White 1987) with 13 endonucleases, revealed se-

quence divergence of 1.7% between the two taxa (Seutin and Ouellet,

unpublished data), greater than that observed between most avian sibling

species pairs studied to date (Avise and Zink 1988). Based on the cali-

bration of mtDNA sequence evolution proposed by Shields and Wilson

(1987), this level of differentiation suggests that the taxa diverged ap-

proximately 1 million years ago.

Habitat. —The Gray-cheeked Thrush inhabits the Boreal Forest Region

(Rowe 1972) and occurs primarily in coniferous stands although it also

is found in tall shrubby enclaves in the taiga or above tree line, particularly

in Alaska (A.O.U. 1983; Bailey 1948; Kessel 1979, 1989; Godfrey 1986),

in Labrador, and in northern Quebec. The populations of Labrador, New-
foundland, and northern and central Quebec are usually found in mature

coniferous stands where conditions of exposure, altitude, latitude, and

plant species composition are highly variable. By comparison, southern

populations or bicknelli in southern Quebec, the Maritime Provinces, and

the New England States have traditionally been reported in altitudinal

coniferous stands and “scrub spruces” up to tree line (Able and Noon
1976; Palmer 1949; Palmer and Taber 1946; Taber 1948; Wallace 1939;
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Summary of '"‘bicknelli

Table 5

” Observations by Habitat Types in Southern Quebec

Number of observations
in traditional habitats

Number of observations

in second-growth habitats

Lx>cation 1967 1968 1969 1990 1967 1968 1989 1990

Perce^ 6 1 2 2 17

Cap Bon-Ami 2

Mont-Sainl-Pierre^ 3 18 1 10

Mont Jacques-Cartier 45 4

Mont Megantic 3 2 18 59

Mont de la Table 14

Portage Saint-Helier 18

Saint-Urbain*" 2 27 24

Mont Sir-Wilfrid 1

GodbouU 1

Total 56 19 29 2 2 1 87 84

^ In mountainous areas around Perce, above 175 m.
*’ Region south of Mont-Saint-Pierre, above 250 m.
' Region north of Saint-Urbain, near Zone d’exploitation controlee (ZEC) des Martres, above 600 m.

About 10 km south of Godbout, above 250 m.

pers. obs. 1967, 1 968) and exceptionally in deciduous habitats (Eaton and
Curry 1926).

Observations obtained in the Gaspe Peninsula in 1967 and 1968 (Table

5), particularly in the Mont Jacques-Cartier and Gaspe areas, indicate

that the birds recorded then were mostly restricted to thick stands of

stunted conifers on steep mountain slopes (Perce) or near tree-line (Mont
Jacques-Cartier). However, two birds were heard and seen on 6 July 1967,

near Perce, in a mixed second growth area from where the original forest

had been removed some 20 yr earlier. A single singing bird was recorded

also in a similar situation on 22 June 1968, some 25 km south of Mont
Saint-Pierre. But now, I interpret these observations as cases of extra-

limital foraging because the second growth areas in which the observations

were made covered areas of less than 3 km^ and were located in the

middle of traditional habitats as described above or in the literature

(Forbush 1929, Wallace 1939).

In contrast, observations of bicknelli in southern Quebec in 1989 and

1990 (Table 5) establish that only a small number of breeding birds can

be found now in traditional habitats as described above or in the literature

(A.O.U. 1983, Forbush 1929, Wallace 1939). More birds were recorded

then in second growth stands characterized by relatively young conifers

of small size {Abies balsamea, Picea glauca) intermixed with a variety of

deciduous species typical of second-growth regeneration {Prunus sp., Bet-

ula sp., Amelanchier sp., Acer spicatum, Populus sp.) following forest fires
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Fig. 8. Breeding distribution of Bicknell’s Thrush {Catharus bicknelli) is delimited by

thick line. Boundary is approximate because breeding distribution is dependent on suitable

habitats. FULL CIRCLES = specimen localities and TRIANGLES = locality records from

the literature. Other symbols [stars = C. bicknelli\ full square = C. m. minimus] are as

follows: 1 = Pointe Natashquan (50°1 1 'N, 6 1°45'W), 2 = Riviere du Petit Mecatina (50°-38'N,

59°26'W), 3 = La Tabatiere (50°50'N, 58°58'W).
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or clear culling. The Irecs Iherc, coniferous or deciduous, have small

diamelers (4-15 cm) and seldom exceed len melers in height Their densily

is relalively high bul one can progress wilh relalive ease in such habilals

as Ihe dislance belween Irees is seldom less lhan one m.
In soulhern Quebec bicknclli is found al alliludes ranging from ap-

proximalely 1 75 lo 1 1 60 m in ihe Gaspe Peninsula, in Charlevoix Counly,

and in ihe soulhweslem pari of Ihe province (Easlern Townships, Monl
Sir-Wilfrid). The number of birds observed in Ihe second growlh habilals

indicales lhal a shift in habilal seleclion appears lo have laken place and

lhal bicknelli now occupies a differenl habilal resulling from human ac-

livily. Ii is more numerous in ihis habilal lhan in Ihe habilal considered

unlil now lo be lypical of Ihe laxon.

Breeding distribution.—ThQ presenl breeding dislribulion of Bicknell’s

Thrush may be more reslricled lhan il was in Ihe pasl because il is

relalively difficull lo idenlify Ihis bird in Ihe field unless ils song is heard

and known by Ihe observer. Some of Ihe observalions repoiTed in Ihe

lileralure are considered as hypolhelical unless suppoiTed by specimens

or unless Ihey fall wilhin Ihe range of bicknelli as defined in Ihe presenl

sludy. The dislribulion of Bicknell’s Thrush presenled here (Fig. 8) is

based on specimens in colleclions, on published dala recorded soulh of

Ihe Si. Lawrence River, and on fully documenled observalions oblained

by myself and my associales during Ihe breeding seasons of 1967, 1968,

1989, and 1990.

Il is difficull lo delermine wilh certainty the past distribution of Bick-

nell’s Thrush at the northern periphery of its range. Recent specimens

taken in the Strait of Belle Isle are similar in size and coloration to birds

from Newfoundland and have thus been referred to the nominate sub-

species. In addition, the comparison and study of songs recorded in 1953

at La Tabatiere on the lower north shore of the Gulf of St. Lawrence by

P. P. Kellogg of the Laboratory of Ornithology, Cornell University, in-

dicate that those songs are virtually identical to songs from central Quebec

and Manitoba and very different from songs recorded in southern Quebec,

the Gaspe Peninsula, and the New England states. The range of minimus

thus appears to have reached the middle north shore of the Gulf of St.

Lawrence at that time, at least as far south as La Tabatiere, which is only

some 100 km southwest of Middle Bay (Quebec). Al the latter locality,

at Pointe-des-Belles-Amours, and at L’Anse-au-Clair (Labrador) over 18

individuals of minimus were recorded from 7 to 14 .luly 1981.

Although the breeding range of BicknelPs Thrush may have been more

extensive in the past, particularly along the north shore of the Gulf of St.

Lawrence, as shown by specimens collected on the St. Margaret River

and near Natashquan during the nesting season, there is no evidence to

confirm breeding along the southern part of the north shore of the Gulf
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of St. Lawrence at present. It continues to be present in the interior

highlands ofNew Brunswick (Squires 1 976, fide A. J. Erskine), in Vermont
(Laughlin and Kibbe 1985, Spear 1976, Perkins and Howe 1901), and in

New York State (Bull 1974, Andrle and Carroll 1988, Merriam 1884). It

is probably also present in the highlands of northwestern Maine, northern

New Hampshire, and northern Vermont, adjacent to southern Quebec,

because the habitats of these regions display strong similarities.

Non-breeding distribution.—ThQ migration patterns of Bicknell’s Thrush

are poorly known but specimens in various collections indicate that it has

occurred during migration in the following states and provinces: Con-

necticut, New Jersey, New York, South Carolina, Virginia, New Bruns-

wick, Nova Scotia, Quebec, Ontario, and the Bahama Islands (Bond 1956,

Cory 1891). An extralimital specimen was found on Bermuda (Paget East,

23 November 1957, female immature, A.M.N.H. No. 789068). In spite

of difficulties related to its identification in the field and the spottiness of

records, Bicknell’s Thrush probably occurs more frequently during mi-

grations along the eastern coast ofNorth America from Quebec to Florida,

than is revealed by the known records.

The winter range of Bicknell’s Thrush appears to be restricted to islands

in the Caribbean region but little information is available on its winter

distribution on the islands and population (Bond 1979). It has been re-

corded in the Dominican Republic (Santo Domingo, 27 December 1906,

male immature, A.M.N.H. No. 448949; Wetmore and Swales 1931, Bent

1949— Puerto Plata, Sanchez, Aguacate, Santo Domingo), Cuba (A.O.U.

1957, Garrido 1975), Haiti (Wetmore and Swales 1931, Bent 1949—
Morne Malanga), Puerto Rico (Faaborg and Arendt 1985, Norton 1989,

Phillips 1991, Raffaele 1983), and St. Croix (Sladen 1988).

The collections examined revealed no specimens of Bicknell’s Thrush

taken anywhere in Central or South America. I have identified in various

collections migrating and wintering specimens of C. m. minimus and

aliciae, from 9 October to 1 1 May, in the following countries: Belize,

Brazil, Colombia, Costa Rica, Ecuador, Guatemala, Guyana, Guadeloupe

{fideE. Benito-Espinal), Honduras, Mexico, Panama, Swan Islands (U.S.A.)

(Paynter 1956), and Venezuela. In addition, there are reports of C. min-

imus from Brazil (Peres and Whittaker 1991), Trinidad (Worth and Ait-

ken 1965), and Curasao (Voous 1983). Dorsal coloration and wing length

permitted the subspecific determination of the specimens that I have

examined. Dorsal coloration ofthe Central and South American wintering

and migratory populations is similar to that found in the aliciae and

minimus samples from the breeding grounds. Wing length (Table 6), as

well as dorsal coloration, indicate a double origin for the wintering spec-
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Table 6

Measurements of Chord of Wing of Specimens from Wintering Grounds in

Central and South America. Specimens Were Assigned to the Two Subspecies of
Catharus minimus {minimus and aliciae) on the Basis of Their Dorsal Coloration

n Mean SD SE Range

<5<5

minimus 18 101.31* 3.1407 0.7403 95.6-105.9

aliciae 48 103.13 2.5917 0.3741 98.0-108.3

99

minimus 30 97.36** 3.1553 0.5761 90.0-103.5

aliciae 37 99.91 2.1574 0.3547 95.0-103.8

* t = 2.4036, df = 64, P < 0.05.
• / = -3.9105, df= 65, P < 0.05.

imens in Central and South America. These characters show that no

individual in the samples can be referred to bicknelli.

DISCUSSION

Data presented here show that the population of thrushes referred to

as Catharus minimus bicknelli (A.O.U. 1957), currently a subspecies of

the Gray-cheeked Thrush, is indeed different from other populations of

C. minimus. Its overall coloration, particularly that of the upper parts,

differs from that of adjacent populations in Newfoundland, along the

eastern north shore of the Gulf of St. Lawrence, and in northern Quebec,

being distinctly browner (Fig. 2). The throat is markedly more buffy (Fig.

4), and the white of the ventral region is duller than in the other samples

(Fig. 5). The tail is uniquely pigmented with various amounts of chestnut

(Fig. 3), a feature absent in other populations. On the basis of coloration

alone, including that of the soft parts, this population can be distinguished

from adjacent populations. Size differences are strong in all body dimen-

sions (Table 2).

Vocalizations of the bicknelli population differ (Table 3) from those of

birds immediately to the north and west of its breeding range, and the

negative reactions obtained from playbacks of aliciae diwd minimus songs

(Table 4) are particularly revealing.

Differences in habitat selection are strong and consistent. Catharus m.

minimus and C. m. aliciae are primarily birds of mature northern conif-

erous stands, although they are found in other boreal forest and taiga

habitats, particularly in Alaska (Kessel 1 979). Although bicknelli has been

generally considered to inhabit stunted altitudinal coniferous forests of
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eastern Canada and United States, it has been recorded in deciduous

stands in Vermont since the mid- 1920s (Eaton and Curry 1926). In New
Hampshire, bicknelli occurs in forest stands with a 68% conifer dominance
(Sabo 1980, Sabo and Holmes 1983). It is important to note that it is

now found in larger numbers in mixed second growth stands in many
parts of southern Quebec during the breeding season than in the ‘original’

habitat and that it is no longer restricted to stunted altitudinal or coastal

conifer stands. This habitat selection, previously unreported, is probably

not a new adaptation following the extensive logging that has taken place

in many parts of its breeding range. Indeed, enormous forest fires have

seriously modified in the past the vegetation in its breeding range. These

were followed by vegetal successions, similar to those in which Bicknell’s

Thrush now occurs in greater numbers than in the ‘traditional’ or original

habitats. It may have been overlooked for years in these mixed second

growth habitats because, since its description in 1882, it has always been

associated with altitudinal stunted coniferous forests and krummolz stands.

The consequences of bicknelli being more numerous in this habitat in

Quebec and the Maritime Provinces (fide A. J. Erskine) can be very im-

portant for the conservation ofthe taxon. However, recent reports indicate

that it has disappeared in parts of its known range, notably from Seal

Island and Cape Forchu (fide J. T. Marshall), Nova Scotia, where it for-

merly was known to breed in good numbers (Tufts 1986) as late as 1954,

when it was very scarce (Erskine 1955). Its slow decline and eventual

disappearance from Seal Island is attributed to the presence of numerous
cats and dogs on the island (Erskine 1955).

Analysis of mtDNA shows marked differences among bicknelli and

adjacent populations and indicate a level of divergence greater than what

has generally been observed in most avian sibling species pairs (Avise

and Zink 1988). These data also suggest that the taxon has diverged from

an ancestral population about one million years ago.

Data on present and past distribution indicate that the bicknelli pop-

ulation is not known to have occurred in sympatry with C. m. aliciae.

Sympatry could likely have taken place in the northern part of its range

or with minimus at the extreme northern limit of its distribution along

the north shore of the Gulf of St. Lawrence. The breeding ranges of these

populations have apparently never overlapped or met with that of bick-

nelli. At best, they were adjacent to it. Currently, the breeding range of

bicknelli appears to be totally distinct and separated from that of the other

taxa by a discontinuity (Fig. 8), thus creating a situation of total allopatry.

There is no phenotypic evidence for gene flow between bicknelli and

the other breeding populations of eastern North America because there

is no specimen in collections suggesting intergradation or hybridization.
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Hybrids or inlergradcs could be recognized by their intermediate mea-
surements as well as by the coloration of the dorsal regions where small

amounts ofehestnut and brown should appear in the plumage. Such birds,

if they exist, could reliably be identified with comparative material on

hand.

A specimen taken during the breeding season at Perce, Quebec (N.M.C.

No. 8298, adult male, 14 June 1915, wing 101.0 mm) has been referred

to C. }}}. minimus on the basis of its dorsal coloration and measurements.

I propose that this bird is not an intergrade nor a hybrid and that it is

either a late migrant or an individual that has failed to reach its breeding

grounds in Newfoundland or southeastern Labrador. Migrating specimens

of C. m. minimus have been recorded as late as 6 June as far south as

Louisiana {fide J. V. Remsen).

Specimens taken at Point Natashquan on 2 June 1928 (Carnegie Mu-
seum No. 102539) and at Riviere du Petit Mecatina on 27 June 1928

(Carnegie Museum No. 102637) are valid bicknelli on the basis of their

measurements and coloration (Fig. 8). Although Todd (1963) extended

the distribution ofwhat he considered an undescribed race along the north

shore of the Gulf of St. Lawrence, from about Sept-Iles to the eastern

extremity of the Strait of Belle Isle, it seems unlikely that there was ever

a distinct population in that region. It can be argued that these specimens

represent breeding individuals of a population that occupied a more ex-

tensive breeding range in the past. However, the presence of bicknelli so

far to the northeast can be interpreted as extralimital records of birds that

have strayed beyond their regular breeding grounds during the spring

migration. In either case, there is no definite evidence that bicknelli was

ever sympatric with minimus or aliciae. La Tabatiere (±60 km to the

north of Petit Mecatina River) is the southernmost locality along the St.

Lawrence north shore where minimus is known to occur during the breed-

ing season (Fig. 8).

Specimens in collections show that bicknelli is mainly restricted during

migrations along the eastern part of North America, between southern

Quebec and South Carolina. It may be found in Florida as well, but I

have not seen specimens from that state. The other taxa have been re-

corded during migrations in almost every province and state as well as

in Mexico (Ramos 1988) and Central and South America. During winter,

bicknelli is restricted to a few Caribbean islands and has not been recorded

anywhere in Central or South America.

The distinguishing characteristics of the bicknelli population are as

follows: (1) strong morphological differences from adjacent populations

of closely related taxa, (2) allopatric breeding and wintering ranges, (3) a

different song from C. minimus, (4) no response to playbacks of C m.
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minimus or C m. aliciae songs, (5) use of different habitats, (6) no known
intergradation or hybridization with other populations, such as C. m.

minimus and C. m. aliciae, and (7) a high level of sequence divergence

in the number of fixed distinct fragment patterns.

I propose that bicknelli be treated as a relict taxon from a past refugium,

probably located in the Sable Island area and adjacent banks (Howden et

al. 1970), that diverged from an ancestral population shortly after the

beginning of the Pleistocene (Fulton 1989). This hypothesis is compatible

with the biochemical information provided in the current study and with

glacial and ecological evolutionary theory of northeastern North America

(Pielou 1991).

TAXONOMIC CONCLUSION AND RECOMMENDATION

The data presented in this work demonstrate that the bicknelli popu-

lation, heretofore considered to be a subspecies ofthe Gray-cheeked Thrush

(Catharus minimus), is in fact significantly different from it and that it

meets all the criteria necessary for its recognition as a species. The debate

about species concepts is still actual but the bicknelli population qualifies

as a species under any species concept (Mayr 1970, Cracraft 1983,

McKitrick and Zink 1988). Aspects of its affinities with other Catharus

species are still unclear, but bicknelli is undoubtedly closely related to C.

minimus from which it appears to have diverged during or before the

Pleistocene. On the other hand, bicknelli and minimus may have evolved

from a common ancestor, also a close relative of other Catharus species,

such as C. guttatus or swainsoni and other Neotropical taxa. Similarly,

its affinities with other northern Neotropical Catharus species such as C.

fuscescens remain uncertain pending additional biochemical studies. I

therefore recommend that (1) the bicknelli population be treated as a full

species, Catharus bicknelli (Ridgway), 1882. Proc. U.S. Nat. Mus., 4:377,

Hylocichla aliciae bicknelli, with Bicknell’s Thrush as its English name,

and Grive de Bicknell as its French name, and (2) the other populations

of the Gray-cheeked Thrush remain as they are within Catharus minimus
(Lafresnaye), 1848, Rev. Zool., 11 (1):5, Turdus minimus.
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RESOURCE USE BY HERONS IN A YUCATAN
WETLAND DURING THE BREEDING SEASON

Cristina Ramo' and Benjamin Busto'

Abstract.— During 1986, we studied the habitat, prey type, and prey size used by six

species of egrets and herons in the Sian Ka’an Biosphere Reserve (Yucatan, Mexico). The
availability of different habitat types, which varies from salt to freshwater and from open

to forested wetland, allows the herons to segregate into two groups (1) Great Blue Heron
{Ardea herodias)—GTQ2iX Egret (Casmerodius albus)—Snowy Egret {Egretta thula), that use

mainly freshwater habitats, and (2) Reddish Egret {E. rufescens)—TncoXortd Heron {E.

tricolor), that use marine habitats. We have no data for Boat-billed Herons {Cochlearius

cochlearius), because this species is strictly nocturnal, and censuses were conducted at day-

light. Prey type and prey size greatly differ among Great Blue Herons, Great Egrets, and

Snowy Egrets but overlap considerably between the Reddish Egrets and Boat-billed Herons.

We found a positive correlation between size of heron and size of prey, but in our study

area prey size is not important in niche segregation, since four of these species eat prey of

similar sizes. Received 7 Jan. 1993, accepted 21 April 1993.

Many studies of sympatric colonial wading birds in temperate regions

have shown that there are differences among species in nest-site placement

(Maxwell and Kale 1977; McCrimon 1978; Burger 1978, 1979, 1985;

Beaver et al. 1980) and in feeding ecology and behavior (Meyerriecks

1962; Kushlan 1976, 1978; Willard 1977; Custer and Osborn 1978; Whit-

field and Blaber 1979; Rodgers 1983; Kent 1986; Fasola 1986). By con-

trast, studies of wading birds in the Neotropics are rare (Kushlan et al.

1985, Willard 1985, Frederick and Bildstein 1992). In this paper, we
present the results of a study of the habitat and prey use by six species of

herons. Great Blue Heron {Ardea herodias). Great Egret {Casmerodius

albus). Reddish Egret {Egretta rufescens), Tricolored Heron {E. tricolor).

Snowy Egret {E. thula), and Boat-billed Heron {Cochlearius cochlearius)

during the breeding season in a Neotropical wetland.

STUDY AREA AND METHODS

We studied herons in 1986 al the Sian Ka’an Biosphere Reserve in the Yucatan Peninsula

(Quintana Roo, Mexico). The reserve comprises 528,000 ha, including marine habitats such

as a coral reef, two large marine bays ( 1 80,000 ha), coastal lagoons with associated mangrove

forests (totalling 18,000 ha), forests (150,000 ha), freshwater lagoons (20,000 ha), and wet-

lands ( 1 60,000 ha). Wetlands include sawgrass marshes, dominated by common reed {Phrag-

mites australis), cattail {Typha angustifolia), and specially sawgrass {Cladium jamaicensis),

and mangrove swamps of small (1.5-2 m tall) red mangroves (Ryzophora mangle) (Fig. 1).

' Centro de Investigaciones de Quintana Roo (CIQRO), Apartado Postal 424, 7700 Chctumal, Quintana

Roo, Mexico. Present Address: Estacion Biol6gica de Donana, C.S.I.C., Apartado 1056, 41080 Sevilla,

Spain.
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In coastal marshes and swamps, salinity may be high, while inland mangrove swamps and

marshes are almost freshwater.

Annual rainfall (1967-1982) ranges from 872 mm to 1436 mm, with an average of 1 128

mm, 75% of it falling during the wet season from May to October (Lopez Omat 1983).

During 1986, rainfall was 1059 mm, but monthly distribution did not follow the typical

pattern. The wet and dry seasons did not appear well delimited, there was a minimum
amount of rain in April and July, and May had the most rain. Mean monthly temperatures

varied little during the year, ranging from 22.7°C in January to 27.5°C in May. For a detailed

description of study area see Lopez Omat (1983) and Olmsted et al. (1983).

The nesting period of herons at Sian Ka’an runs from December to June. Great Blue

Heron, Reddish Egret, and Boat-billed Heron, are the first to start the breeding cycle, as we
found nests with eggs of these species in December. In early March, Tricolored Heron and

Great Egret had eggs, and the Snowy Egret began its nesting cycle by mid-March.

During 1 986, 36 pairs of Great Blue Herons, 437 pairs ofGreat Egrets, 1 68 pairs ofSnowy
Egrets, 5 1 pairs of Reddish Egrets, 226 pairs of Tricolored Herons, and 27 pairs of Boat-

billed Herons nested on 1 1 keys in Sian Ka’an (Fig. 1) (Lopez Omat and Ramo 1992).

Monthly censuses were conducted in different habitats without distance estimates (Vemer,

1985) with binoculars (8 x 32). Three transects were covered, two by car and one by boat.

The first, 4 km long, located close to the reserve, crossed an area of inland freshwater

mangrove swamps (dates, 23 March, 28 April, 29 May, 29 June, and 1 December). The

second, 2 km long, ran across sawgrass marshes and coastal saltwater mangrove swamps
(dates, 22 March, 27 April, 28 May, 28 June, and 3 December). The last one was surveyed

by boat along the Canal de Chunyaxche. It started inland on the freshwater Chunyaxche

lagoon, crossed sawgrass marshes and coastal mangrove swamps, and ended at a coastal

lagoon, totalling 35 km (dates, 14 March, 20 April, 17 May, 23 June, 2 December). We
surveyed 15.5 km of coastal lagoons, 5.5 km of coastal saltwater mangrove swamps, 3 km
of sawgrass marshes, 4 km of inland freshwater mangrove swamps, and 1 3 km of freshwater

lagoons. Results are presented as the mean number of wading birds per km for each habitat.

To study diet, we collected regurgitated pellets of six nestlings of Great Blue Herons, 24

of Great Egrets, 14 of Reddish Egrets, 20 of Tricolored Herons, 15 of Snowy Egrets, and

five of Boat-billed Herons. Pellets were preserved in 10% formalin and later were transferred

to 70% ethanol. We identified the food items and measured standard length of fishes in the

pellets. After drying the food items on paper towels, we weighed them on a Sauter balance

with 50 mg-200 g capacity.

Density of prey was determined from samples taken with a 1-m^ throw trap (Kushlan

1981) at trapping stations located in different habitats (Fig. 1). A total of 99 samples were

taken in marine habitats at two stations, 50 at a coastal lagoon (site 1; 10 on February 1,

10 on March 3, 10 on April 3, 10 on May 5 and 10 on June 22), and 49 at Ascension bay

on the coast of Cedro Key (site 2; 10 on January 30, 10 on March 2, 10 on May 4, 9 on

June 22). We present combined data for these two stations. In coastal saltwater mangrove

swamps, we took 33 samples (site 3; 5 on February 17, 10 on March 21, 3 on April 26, 10

on May 28, 5 on June 28). In sawgrass marshes we took 41 samples at two stations, 15 in

a marsh near Chunyaxche lagoon (site 4; 5 on February 18, 5 on March 14, 5 on June 23),

and 26 in another inland marsh (site 5; 5 on February 17, 10 on March 21; 6 on May 28;

5 on June 28). Both places were dry in April, we present the combined data from these two

stations. In inland freshwater mangrove swamps, we took 25 samples (site 6; 10 on March

26, 5 on April 28, 10 on May 29). In Chunyaxche lagoon (site 7) we took only 10 samples

in December. As a measure of the prey density during the breeding season, we present the

mean number of fishes per throw trap for each habitat.

Following Feisinger et al. (1981), we consider niche breadth as the degree of similarity
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N

Fig. 1 . Map of the Sian Ka’an Biosphere Reserve (Mexico) wiih vegelat.on lypcs, colony

locations and trapping stations.
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Fig. 2. Mean number of wading birds per kilometer on censuses conducted at different

habitats during breeding period in Sian Ka’an Biosphere Reserve. CL = Coastal lagoon;

CMS = Coastal mangrove swamp; M = Sawgrass marsh; IMS = Inland mangrove swamp.
GBH = Great Blue Heron; GE = Great Egret; RE = Reddish Egret; TH = Tricolored Heron;

SE = Snowy Egret.

between the frequency distribution of resources used by a species and the frequency distri-

bution of resources available to them. We used the Proportional Similarity Index (Hurlbert,

1978, Feisinger et al. 1981), to compare niche breadth with regard to diet. Resource use

similarity between species was measured with Horn’s (1966) modification of Morisita’s

index. Dendrograms were built (average method) using the overlap indexes between species.

RESULTS

Transect counts showed that mangrove swamp was the most heavily

utilized habitat (Fig. 2). We have no data for Boat-billed Heron, because

this species is strictly nocturnal and censuses were conducted during the

daytime. Reddish Egret and Tricolored Heron were closely linked to coast,

while Great Blue Heron, Great Egret, and Snowy Egret were linked to

inland. Consequently there is a high similarity in the use of habitat among
species within each group (PS between pairs: GBH-GE = 0.93; GBH-SE
= 0.87; GE-SE = 0.98; RE-TH = 0.85) (Fig. 3).

At Sian Ka’an, we could analyze only 1 9 prey items regurgitated by the

Great Blue Heron (Table 1). The most frequent and important prey were

White Ibis {Eudocimus albus) chicks (we found 9 small nestlings that still

had the egg-tooth); other prey were fishes. Although the goldspotted kil-

lifish {Floridicthys carpio) was the fish consumed most often, it accounted

for only 11% of the biomass, while two larger fish, the mullet {Mugil

curema) and the redfin needlefish {Strongilura notatd) accounted for 45%
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Fig. 3. Dendrograms (average method) based on the overlap indexes between species.

GBH = Great Blue Heron; GE = Great Egret; RE = Reddish Egret; TH = Tricolored Heron;

SE = Snowy Egret; BBH = Boat-billed Heron.
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Fig. 4. Mean prey size taken by herons. Lines denote standard deviation. Heron length

data taken from Blake (1977). GBH = Great Blue Heron; GE = Great Egret; RE = Reddish

Egret; TH = Tricolored Heron; SE = Snowy Egret; BBH = Boat-billed Heron.

of the total biomass. The average prey size was 78.5 mm (Fig. 4), 89%
of them between 30-80 mm.
Almost all Great Egret prey analyzed from Sian Ka’an were fishes,

including 1 5 species, although prawns appeared in small numbers as well

(Table 1). By far the most frequently consumed fish were characin {As-

tyanax fasciatus), 63% of total prey items and 48% of total biomass.

Average size of prey was 38.9 mm (Fig. 4), 84% between 10-50 mm.
Most prey items of the Reddish Egret are fish, sheephead minnow (C.

variegatus) which together with the goldspotted killifish represented 8 1%
of total biomass. Reddish Egrets consume small prey, average size was

18.7 mm (Fig. 4), 92% between 10-30 mm.
At Sian Ka’an, invertebrates represented 8% of prey consumed by the

Tricolored Heron, other being fishes of which five species accounted for

82% of prey items and 89% of the biomass (Table 1). Average size of prey

was 26.2 mm, 92% between 10-40 mm.
Diet of the Snowy Egret at Sian Ka’an is comprised of 5% prawns and

95% fishes (Table 1). Five species of fishes accounted for 65% of the

biomass. Average prey size was 26.2 mm, 90% between 10-40 mm.
All prey of the Boat-billed Heron examined at Sian Ka’an were fishes

of five species; sheephead minnow and the goldspotted killifish the most

frequent, accounting for 91% of total biomass (Table 1). Average size of

fish was 23.3 mm, 95% between 10-30 mm.
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Overlap indices among species, show great diet similarity between Red-
dish Egret-Boat-billed Heron and Tricolored Heron-Snowy Egret, both

in prey type (RE-BBH = 0.95; TH-SE = 0.88) and prey size (RE-BBH =

0.94; TH-SE = 0.96; TH-BBH = 0.89; SE-BBH = 0.79) (Fig. 3).

Although we found a signihcant correlation = 0.80) between size of

heron and mean size of hsh consumed (Fig. 4), it depends on the two

large species for signihcance. Without these two species the correlation is

nonsignihcant (r- = 0. 1 5), since there is no difference in prey size among
the four other heron species.

Aquatic food resources available to wading birds differed among hab-

itats (Table 2). In coastal lagoons, bays, and freshwater lagoons, the gold-

spotted killihsh were the most common prey, in coastal mangrove swamps,

the sheephead minnow and in inland mangrove swamps, characins {A.

fasciatus), killifishes (G. pulchra) and livebearers {P. orri).

We found that the Reddish Egret has the broadest niche breadth, con-

suming prey almost in the same proportion to their availability in coastal

mangrove swamps (Table 3), although some prey eaten by this species

{E. gula, S. notata, A. stipes, and prawns) were not found in this habitat

but in coastal lagoons or bays. We have no data for habitat use by the

Boat-billed Heron, but the frequency distribution of prey is similar to

that available in coastal mangrove swam^ps. Great Egrets and Snowy Egrets

use mainly inland mangrove swamps; the PS values are intermediate,

indicating they have some degree of specialization in their diets. In the

case of the Great Egret, four prey species {F. carpio, E. argenteus, A. stipes

and prawns) can be taken in coastal lagoons, and in the case of Snowy
Egrets, prawns. Tricolored Herons, using mainly coastal mangrove swamps,

show the lowest value of PS index. Nevertheless most prey taken by this

heron are freshwater hshes commonly found in inland mangrove swamps

(Table 2). The Great Blue Heron was excluded from the analysis because

of the small number of prey samples (19 prey items).

Coastal mangrove swamps provide almost all prey to Reddish Egret,

mangrove swamps (coastal and inland) to Great Egret, Snowy Egret and

Tricolored Heron, and mangrove swamps, coastal and freshwater lagoons,

to Boat-billed Heron.

DISCUSSION

Feeding habitat selection could be considered as the first step in resource

partitioning, although the literature reveals considerable overlap among

herons. For example, in coastal New Jersey, where hve species of herons

coexist. Great Blue Heron overlapped little with other species, but Great

Egret showed no habitat segregation from Snowy Egret and very little

from Tricolored Heron (Willard 1977). In an estuarine system of North



582 THE WILSON BULLETIN • Vol. 105, No. 4, December 1993

C/D

s

u

V
‘o

C/D

I I I I I I I I I I I

o O m m tN o o in

q q m (N oo q oo x
CO) d>

1

^ d
1

C5 d d
O

1

^
(N in (N in o o (N
fO) o q m r- in ic}- cn

(N d d d d d d d

I I I I I

o oo (N ict

rsj q q qd
1

1
d X

1

O

o in (N O
in (N

d (N —

I I I I I

(N

C/D

as o^o \o

r-'

q
in

d (N m
2

1

^ ^*1—^

U m 'Ct (N
(N o (N q
SO d rn so
"Ct

I I I I I

s
a
G §
Co

^ o
<3 O
s; c
a 's:

Co

^ u

.2 5

a
^
3

3
s;

<3

<3
cj

S

•43
Co

C3

V.

O
s-

^ c:)

Co p-
s -2

S

CO

a
S S
2 «
'll

-5

Q o'
^

3 s

2 2
O 0
^ 2
^ O

o

s
K4
C3

' "«*

Co

S CO
cQ s

'3 2
Co O

V.

O O O ^

2
•*^

CO

Co

S
O

•S
Co

o
Co

a
43 -4::

Co Cos . ,

k] U O

O CO
Co E*

I
G G

o
!3

* "»*

O

<N

CO)

C9
^ , , ^ ^

^

^"•vO o^ cn in so o (N

q q O q q q Os

d d
1

1 1
d

1 1 1 1

d d d d d o
1 1 1 ^ 1 1 1 1

^ o^
r- in (N in •'I' tn o^ soo q o q o O o Os

d d d d d d d

C3
-fc'-i

O
o
S3 O
Q o
V. ~0
-2 Co^ S
|P s;

^ '3

5 o,

Co o ''t: cu

C/D

C

cc3

c/i

D.

e
cfl

t/5

<u

X)

e
3
z

“

Standard

deviations

are

in

parentheses.

LC

=

coastal

lagoon;

CMS

=

coastal

mangrove

swamp;

M

=

grassmarsh;

IMS

=

inland

mangrove

swamp;

FL

=

freshwater

lagoon.
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Table 3

Values of Proportional Similarity Index Among Available Aquatic Food
Resources of Five Habitats and Diet of the Sian Ka’an Ardeidae

Species CL^ CMS M IMS FL

Great Egret 0.03 0.16 0.17 0.53 0.01

Snowy Egret 0.06 0.44 0.44 0.45 0.00

Reddish Egret 0.08 0.86 0.23 0.18 0.07

Tricolored Heron 0.08 0.40 0.56 0.49 0.07

Boat-billed Heron 0.25 0.71 0.17 0.18 0.23

“ CL = Coastal lagoon; CMS = coastal mangrove swamp; M = sawgrass marsh; IMS = inland mangrove swamp;
FL = freshwater lagoon.

Carolina, Great Egrets, Tricolored Herons, and Snowy Egrets used mainly

saltmarsh habitats; Tricolored Herons never used freshwater sites and

used habitats similar to those used by Snowy Egrets (Custer and Osborn

1978). In Florida, Kent (1986) found no differences in habitat use among
Snowy Egrets and Tricolored Herons in a marine habitat. In South Car-

olina, the Tricolored Heron and Snowy Egret both fed mainly in saltwater

sites (Post 1990).

Nevertheless, at Sian Ka’an the availability of different habitat types,

which vary from salt to freshwater, and from open to forested wetlands,

allows the herons to segregate via the selection of different foraging hab-

itats in two groups. Great Blue Heron-Great Egret-Snowy Egret that used

mainly freshwater habitats and Reddish Egret-Tricolored Heron that used

marine habitats. Freshwater mangrove swamps at Sian Ka’an are im-

portant habitat for herons as they retain water during most of the dry

season.

Within a habitat, the second step towards resource partitioning is food

selection. At Sian Ka’an, among the first group of species considered, prey

type taken by Great Blue Heron, Great Egret, and Snowy Egret differed

considerably.

Although Tricolored Heron used mainly coastal mangrove swamps and

Snowy Egret inland mangrove swamps, the two species ate similar prey.

Samples taken in these two habitats show different prey composition, but

we took these samples in extreme situations of salinity. Prey probably

were distributed in a continuum, changing gradually between extremes,

allowing herons to take similar prey at different sites. Tricolored Heron

near the coast and Snowy Egret inland. In other places, these two herons

also have a great similarity in their diets. Using data provided by Jenni

(1969) from Lake Alice, Florida, we calculated an overlap index of 0.86

between the two species (0.88 at Sian Ka’an), and in a marine habitat

also in Florida, Kent (1986) found overlap of 0.80.
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We found no differences in the other two species, Boat-billed Heron
and Reddish Egret, that eat almost the same prey, but the different patterns

of activity, the first being strictly nocturnal and the second diurnal, ob-

viously segregate these species. Nevertheless the bulk of their diets is

composed of C variegatus that is by far the most abundant prey species

(Table 2).

In some cases, it has been considered that capture of different prey

lengths is the most important factor in resource partitioning, with the

body length of the prey positively related to the body size of the heron

(Whitfield and Blaber 1978, Horn 1983). In our case, there is a correlation

between size of heron and size of prey, but prey size was not important

in heron segregation, since four species. Boat-billed Heron, Reddish Egret,

Tricolored Heron, and Snowy Egret prey on similar sizes. As has been

discussed by Niethamer and Kaiser (1983), body size and prey size are

probably correlated between sets of large and small herons rather than

along a continuum.

Feeding behavior is another mechanism considered important in re-

source partitioning. At Sian Ka’an the pairs. Tricolored Heron-Snowy
Egret, and Boat-billed Heron-Reddish Egret, that exhibit different feeding

behavior in other locations (Meyerriecks 1962, Mock 1975, Kushlan 1978,

Biderman and Dickerman 1978, Willard 1977, Rodgers 1983, Kent 1986)

took similar types offood. Kent (1 986) suggests that behavioral differences

alone should not be considered to be a partitioning mechanism, and our

results confirm this suggestion.
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SITE TENACITY OF THE ENDANGERED PALILA

Steven G. Fancy,' Robert T. Sugihara,^ John j. Jeffrey,^ and
James D. Jacobi'

Abstract.— Strong site tenacity might prevent Palila {Loxioides hailleui), an endangered

Hawaiian honeycreeper, from repopulating favorable habitats in their former range. We
used radio telemetry during the nonbreeding and breeding seasons to study movements and

dispersal rates of 57 Palila. All Palila remained in the study area, and home range sizes and
movement distances were small relative to the potential mobility of the species. Banding

and nesting studies revealed that Palila show strong site tenacity. An inverse correlation

between movements and elevation was related to an elevational gradient in food supply.

Translocations of Palila into presently unoccupied areas in their range might speed the

recovery of this endangered species. Received 7 Dec. 1992, accepted 16 Apr. 1993.

The Palila {Loxioides bailleui) is a finch-billed Hawaiian honeycreeper

(Fringillidae, subfamily Drepanidinae) found only in dry woodlands on

Mauna Kea on the island of Hawaii (Fig. 1). Historically, Palila occurred

in subalpine mamane {Sophora chrysophylla)— n3.\o {Myoporum sand-

wicense) forests of Mauna Kea, the northwestern slopes of Mauna Loa,

and on the eastern slopes ofHualalai (Fig. 1 ;
U.S. Fish and Wildlife Service

1986) and probably on other islands (Olson and James 1982). Their

current 139-km^ distribution is limited to mamane-naio forests on the

southwestern, southern, and eastern slopes of Mauna Kea between ap-

proximately 2000 m and 2850 m; highest densities occur near Puu Laau

(Scott et al. 1 984; Fig. 1 ). Scott et al. ( 1 986) estimated that Palila currently

occupy <5% of their pre-Polynesian range. Population estimates ranged

from 1371 to 5354 Palila during 1986-1993 (J. Giffin, unpubl. data).

Overbrowsing of mamane-naio forests by introduced feral ungulates,

beginning in the early 1 800s, was a major cause of the loss of Palila habitat

(Warner 1960, Scowcroft and Giffin 1983). The immature seeds of ma-
mane are the staple food of Palila, who also use mamane trees extensively

for nesting and shelter. Recent removal of feral ungulates from Mauna
Kea is allowing regeneration of mamane forests, but Palila are absent or

occur in only small numbers in many areas of seemingly suitable habitat.

Scott et al. (1984) hypothesized that site tenacity may be a factor in the

absence of Palila from mamane forests of the Pohakuloa flats. Strong site

' U.S. Fish and Wildlife Service, Hawaii Research Group, P.O.B. 44, Hawaii National Park. Hawaii

96718.
2 USDA Animal and Plant Health Inspection Service, Denver Wildlife Research Center, P.O.B. 10880,

Hilo, Hawaii 96721.

^ U.S. Fish and Wildlife Service, Hakalau Forest NWR, 154 Waianuenue St., Rm. 219, Hilo, Hawaii

96720.
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tenacity might also explain the absence of Palila in regenerating forests

on the northern and northeastern slopes of Mauna Kea.

Our primary objective was to determine the extent of Palila movements

during the nonbreeding and breeding seasons. The study was part of larger
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research on factors limiting Palila population growth. Results will be used

to develop management strategies for this endangered population.

METHODS

The 34-km- study area was in native mamane-naio forest with a grass understory near

Puu Laau on the southwest slope of Mauna Kea between the 2000-2800 m elevation contours

(Fig. 2). Vegetation of the study area was described by van Riper (1980) and Scowcroft and

Giffin (1983).

Preliminary studies of captive Omao {Myadestes obscurus) and Palila with placebo trans-

mitters indicated no adverse effects on flight, feeding, or interactions with other birds. We
attached transmitters weighing 1.6-1. 8 g to 37 adult and second-year Palila (mean mass =

36.7 g) during the nonbreeding seasons in 1988 (N = 10; 22 Feb.-20 Mar.) and 1991 (N =

27; 19 Feb.-22 Mar.) and 20 during the breeding season in 1991 (N = 20; 30 May-27 July).

Palila were captured in mist nets at the Mauka base camp, the Puu Manao banding stations,

and at active nests within 1 km of the Mauka banding station (Fig. 2). We weighed each

Palila in a cotton bag with a 100-g Pesola scale and determined sex and age by plumage

characteristics (Jeffrey et al. 1993).

To attach a transmitter, we held the bird in one hand and used a thumb and index finger

to push the feathers in the interscapular region forward. We then trimmed feathers to a

length of 1-2 mm in an area 4-6 mm larger than the base of the transmitter. Trimming
rather than removing the feathers prevented regrowth of feathers that would dislodge the

transmitter. Skin-Bond cement (Smith-Nephew United, Inc., Largo, Florida) was applied

to an oval piece of chiffon and to the trimmed area with a cotton swab, and the chiffon was

gently set into place. After allowing the Skin-Bond to dry for 2-3 min, we coated the base

of the transmitter with Superglue (or more Skin-Bond in 1988) and used a thumb to hold

the transmitter against the chiffon for another 2-3 min to allow it to dry. The feathers that

had been pushed forward eventually covered the transmitter, and only the 16-cm antenna

protruded posteriorly along the axis of the bird’s spine.

We determined locations of Palila by triangulation from three or four permanent sites at

Puu Laau, Puu Nanaha, Puu 102, and Puu Manao (Fig. 2) with a null-peak telemetry system

(Cochran 1980, White and Garrott 1990). The Puu Nanaha site was not used in 1988.

Bearings to each bird were determined 2-3 times daily in 1988 and at 2-h intervals between

08:00 and 17:00 HST in 1991. Roosting locations of Palila also were determined in 1991

from bearings taken after 19:30 h.

Locations were calculated with the program TRIANG (White and Garrott 1990) from

bearings taken within 15 min of each other. The mean location error for 10 transmitters

placed blind in the study area was 160 m ± 40 m (SE; [range 68-487]). Because of the effect

of sample size on reliability of estimates ofhome range size (Bekoffand Mech 1984, Swihart

and Slade 1985), we excluded birds with <30 locations from further analyses.

For each bird, we calculated two measures of site tenacity: the minimum convex polygon

(Mohr 1947, Hayne 1949), hereafter referred to as a bird’s home range, and the median

distance between each location and the bird’s center of activity (Hayne 1949), hereafter

referred to as the median distance. We used median rather than mean distances to lessen

the effect of a few outliers. We used a logarithmic transformation on home range size so

that variances were independent of means.

During November and December 1991 and again in November 1992, we systematically

searched mamane forests on all slopes of Mauna Kea for color-banded Palila that dispersed

from the study area. Teams of two individuals slowly walked through an area, listening and

looking for Palila. Observers used binoculars and spotting scopes to determine whether any
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A TOWER SITE

[H BANDING SITE

— GRAVEL ROAD

0.5 0 0.5 1.0 1.5 km
t-i v-j i-i —A -N-

Fig. 2. Banding sites and telemetry towers in the study area on the southwest slope of

Mauna Kea volcano, Hawaii, 1988-1991.

Palila that were detected were banded and to identify them from their color-band combi-

nations.

Elevational differences in food supply were measured along three transects (transects 101-

103 in Scott et al. 1986:27) between 1972 m and 2859 m elevation on 2 Feb. 1988 and 23

Jan. 1991. The proportion of terminal branchlets with mature green pods was determined

for 10 mamane trees >2 m tall in each 150-m segment along transects (N 960 trees).

Mean proportion of pods in each 150-m segment was coded as 0 (<0.5% pods), 1 (0.5-

4.9% pods), 2 (5.0-19.9% pods), or 3 (>20% pods). Density of mamane and naio trees >2
m tall was determined in 150 x 20 m plots along transect 102 on 19 Sept. 1991.

We compared sample means using t-tests (SAS 1987) except where noted otherwise. We
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used MRPP for grouped data (Multi-response Permutation Procedures; Mielke et al. 1981,

Biondini et al. 1988) to test the hypothesis that Palila repeatedly roost in the same portion

of their home range. Alpha levels <0.05 were considered significant.

RESULTS

We obtained >30 locations for 45 of 57 radio-tagged Palila. During

the 1991 nonbreeding season, three used transmitters refitted with new
batteries failed immediately after releasing the bird, and seven other used

transmitters had weak and intermittent signals. Two other transmitters

functioned properly but could be received only from one site much of the

time because of the topography of the study area; we obtained <30 lo-

cations for these transmitters.

All Palila with functioning transmitters remained in the study area

throughout each season. We assumed that the three used transmitters

failed because one of the Palila was captured two months later with the

transmitter still attached, 10 of 12 used transmitters were unreliable, and

all Palila with functioning transmitters remained relatively close to their

capture site.

One Palila, radio-tagged in February 1988, still carried a transmitter

when recaptured seven months later, but most transmitters were lost

within 6-8 weeks. Seven transmitters, attached in February 1991, were

detached prematurely from the birds approximately three weeks into the

study, possibly because of defective adhesive. We noted that the skin in

the interscapular region was inflamed, but healing, for two of seven radio-

tagged Palila that were recaptured 1-7 months after their initial capture;

the other five Palila had replaced the trimmed feathers, and no other

problems were noted. The recapture rate for radio-tagged Palila during

the 6 months after the 1991 nonbreeding season (4 of 27, 14.8%) was

similar to that for Palila captured between February and April 1991 that

were not radio-tagged (7 of 55, 12.7%), suggesting that the transmitters

had little if any effect on short-term survival. (A similar comparison for

the 1988 breeding season was not possible because only two Palila were

captured and not radio-tagged).

Two radio-tagged second-year Palila were killed or scavenged by pred-

ators during the 1991 nonbreeding season, but whether the transmitter

contributed to their death is unclear. The transmitter and a few feathers

from one Palila were found 19 days after the bird was radio-tagged. Feral

cat {Felis domesticus), rat {Rattus spp.), and feral pig {Sus scrofa) tracks

were all found within 20 m of the transmitter. The second transmitter

and a few feathers were found inside a rat nest under the pile of boulders

36 days after the Palila was radio-tagged.

Excluding Palila with <30 locations, we found no correlation between
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Table 1

Movements of 44 Paula Radio-tracked during the Nonbreeding and Breeding

Seasons in 1988 and 1991, Puu Laau, Hawaii

Season Sex N^
Days

tracked
Locations
per bird

Distance (m)‘’

(Mean ± SE)

Minimum
convex
polygon
(km^)

(Mean ± SE)

Male 6 10-24 34-92 595 ± 142 3.82 ± 0.91

Female 2 21-23 43-67 708 ± 102 4.11 ± 1.29

Unknown 1 20 58 782 2.18

1988 Nonbreeding Total 9 10-24 34-92 654 ± 100 4.73 ± 1.12

Male 9 16-33 32-116 382 ± 51 2.61 ± 0.50

Female 5 16-33 31-121 366 ± 61 2.80 ± 0.99

Unknown 2 10-21 30-71 472 ± 1 2.56 ± 0.51

1991 Nonbreeding Total 16 10-33 30-121 388 ± 34 2.66 ± 0.40

Male 12 15-56 43-156 276 ± 38 2.55 ± 0.55

Female 8 14-50 45-148 459 ± 196 3.60 ± 1.46

1991 Breeding Total 20 14-56 43-156 349 ± 81 3.01 ± 0.65

“ Number of Palila with >30 locations.

Median distance between all locations for each bird and its center of activity.

number of locations for each bird and either home range size (r = 0.15,

N = 45, P = 0.33) or median distance from the center of activity ir =
— 0.1 1, N = 45, P = 0.47). We similarly found no correlation between
our two measures of site tenacity and the number of days each Palila was
tracked.

During 1991, we found no seasonal difference in home range size {t =
0.27, 34 df, P = 0.79) or median distance {t = 0.45, 25.3 df, P = 0.66)

when sexes were combined, even when we excluded birds without an

active brood patch or cloacal protuberance during the breeding season.

Median distances were greater during the 1988 nonbreeding season (mean
= 641 m) than during the 1991 nonbreeding season (mean = 388 m, t

=

2.47, 10 df, P = 0.03), but mean home range size in 1988 (3.70 km^) did

not differ from that in 1991 (2.66 km^).

Within seasons, we found no difference between sexes for home range

size or median distance (Table 1). When seasons were combined, we also

found no differences between sexes for either home range size {t = 0.17,

df = 40, P = 0.87) or median distance {t = 0.68, df = 19, P = 0.51). Mean
home range sizes and median distances were similar between second-year

Palila (both sexes combined) and adults.

Four females were tracked to active nests during the 1991 breeding

season. Most locations of two females tracked during the incubation pe-

riod were within measurement error of the telemetry system to the nest,

although one female traveled 851m from her nest while incubating (Table
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Table 2

Median Distance (m) Between Each Location and the Center of Activity for Four
Female Palila at Active Nests During June and July, 1991, Puu Laau, Hawaii"

Incubation period Brooding period Fledgling period

Bird N Median Range N Median Range N Median Range

31 47 73 13-448 44 177 26-1034
41 30 297 82-1859 63 244 46-2646
42 51 172 64-851 53 220 33-808 22 143 35-722

75 13 191 0-610 107 209 21-2054

“ The nest location was used as the center of activity for the incubation and brooding periods.

2). Median distances for females brooding chicks were similar to those

for males and for females after they abandoned the nest or the chicks

fledged.

We found inverse correlations between the elevation of each Palila’s

center of activity and both home range size (r= —0.37, N = 45, P =

0.01) and median distance (r = —0.51, P = 0.0004). In January 1991, we
also found a correlation between elevation and the proportion ofimmature

pods on mamane trees {r = 0.45, P = 0.0001). In February 1988, mamane
pod production had no elevational trend. The proportion of pods on

mamane trees was higher in 1991 than in 1988 (paired ^-test, t = 19.43,

N = 96, P = 0.0001). The ratio of mamane to naio trees >2 m tall was

correlated with elevation {r = 0.81, N = 36, P = 0.0001).

Roosting locations of 12 of 34 Palila were more clustered than daytime

locations, but for three Palila, the mean distance between daytime loca-

tions was less than that for roosting locations (MRPP test, P < 0.05).

Most locations near the periphery of a bird’s home range were recorded

during daytime, but Palila did not return to a particular portion of their

home range to roost.

Observers detected 100 Palila during 90 h of searching outside of the

study area in 1991, and 70 Palila during 43 h of searching in 1992. Only

one banded Palila was sighted >2 km from its capture site during these

surveys. The banded Palila, an adult male, was located ca 10 km from

the site where it was captured. No other evidence of dispersal of Palila

from the study area was found during searches of mamane stands around

Mauna Kea.

DISCUSSION

Our findings support the hypothesis that strong site tenacity, and there-

fore limited dispersal and colonization potential, might prevent Palila

from repopulating favorable areas in their former range. Although radio-
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tagged Palila were as far as 8.7 km from their center of activity, none of

the radio-tagged Palila left the 34 km^ study area, and home range sizes

were small relative to the potential mobility ofthis species. Evidence from

banding and nesting studies of Palila also support the site tenacity hy-

pothesis. With one exception, all Palila observed during searches of ma-
mane stands outside ofthe study area on the southern, eastern, and north-

ern slopes of Mauna Kea were either unbanded or within 2 km of their

capture site. Twenty-one of the 47 Palila captured in 1991 had been

captured previously on 32 occasions <34 months earlier, and all previous

capture locations were within 2 km of their 1 99 1 capture location. Of 1 83

Palila captured more than once at a banding station or nest, only 1 9 were

captured at locations >2 km apart. The greatest distance between any

two locations was <4 km. Females that were found on nests in more than

one year nested within one km of their previous nesting location (T. Pratt,

unpubl. data).

Most avian species disperse from natal sites as juveniles or subadults

and are philopatric once a breeding site has been chosen, especially after

successful reproduction (Greenwood 1980). Juvenile Palila do not appear

to disperse farther than adults, and it is more likely that dispersal of both

juveniles and adults occurs during periods offood shortage as Palila search

for concentrations of mamane pods. For example, we banded 178 Palila

as nestlings and recaptured or resighted 64 of them on 2-6 occasions,

always <2 km from their natal nest. Two of these nestlings, both females,

subsequently nested as adults; in each case, they nested <300 m from

their birth site (T. Pratt, unpubl. data). After the breeding season, juvenile

Palila often travel with their parents in small feeding flocks as they follow

shifts in the distribution ofmamane pod concentrations (van Riper 1980,

this study). During the summer of 1992, we noted a major shift in the

distribution of Palila to lower elevations and an almost complete lack of

breeding in response to drought conditions caused by an el nino event.

The low availability of green mamane pods during the 1992 breeding

season probably explains the greater number of Palila observed outside

the study area (and the banded adult male that was observed < 1 0 km
from its capture site) during our surveys in November 1992.

The inverse relation between elevation and home range size probably

is a result of differences in food supply. In 1991, movements were more
extensive at lower elevations where mature mamane pods were fewer.

The lower availability ofmamane pods in 1988 than in 1991 may explain

the greater movements of Palila in 1988. More extensive movements in

1988 may also have resulted from greater triangulation errors because we
used weak transmitters and less sensitive receivers that year.

Scott et al. (1984) found that the width of mamane-naio woodland was
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the most important variable in determining habitat response by Palila.

Because of elevational effects on mamane pod production, the greater

elevational range of mamane-naio forest and the greater availability of

naio berries on the southwestern slope of Mauna Kea might dampen the

effects of seasonal and annual changes in the availability ofmamane pods,

thereby allowing the area to support a higher population of Palila. The
elevational range of mamane forest stands on the northern and eastern

slopes of Mauna Kea, where Palila are absent or low in numbers, is mostly

<500 m, whereas on the southwestern slope the elevational range of the

mamane-naio forest is 1040 m. However, the differences between the

elevations of the highest and lowest locations ofradio-tagged Palila ranged

between 81 and 734 m (mean = 322 m ± 141 SD), suggesting that the

elevational range of most mamane stands on the northern and eastern

slopes of Mauna Kea might be adequate to support Palila populations.

The prime objective ofthe Palila Recovery Plan (U.S. Fish and Wildlife

Service 1 986) is to “maintain/restore a self-sustaining population of Palila

distributed continuously throughout their range in healthy, regenerating

habitat.” Currently, the area near Puu Laau supports the bulk of the Palila

population, and Palila are absent or very low in numbers in mamane
forests elsewhere on Mauna Kea (van Riper 1978; Scott et al. 1984, 1986;

unpubl. data). Based on the low dispersal rate of Palila revealed by this

study, recovery ofthe species is expected to be slow in new areas ofsuitable

habitat when they become available. Translocation of Palila from the Puu

Laau area to areas in their former range, such as the northern and eastern

slopes of Mauna Kea, the Pohakuloa flats, and perhaps mamane forests

on Hualalai and Mauna Loa, may accelerate the recovery of this species.
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RELATIONSHIP OF AGE AND SEX TO SIZE AND
COLOR OF EASTERN PHOEBES

Kelvin F. Conrad and Raleigh J. Robertson'

Abstract.—We recorded variation in body size and ventral plumage coloration in a

population of individually marked Eastern Phoebes {Sayornis phoebe). The venter of Eastern

Phoebes is mostly gray with gray mottling on the breast. Most birds have a white bib which,

although usually small, may cover much of the breast and abdomen. We found no significant

difference in percentage gray area between males and females, but after-second-year (ASY)

birds had significantly less gray on their breasts than second-year (SY) birds. Males had

significantly longer mean wing lengths, tarsal lengths, and vent-tail lengths than females.

There was considerable overlap of wing, tarsal, and vent-tail lengths between the sexes, but

the size differences held both overall and separately in SY and ASY birds. We generated a

discriminant function which correctly classified 79% (39/49) of females and 95% (22/23) of

males. Despite their similar appearance, male Eastern Phoebes are larger than females, at

least in the parameters we measured. Received 2 Nov. 1992, accepted 6 April 1993.

The plumage of male and female Eastern Phoebes {Sayornis phoebe)

appears similar, making sex identification difficult at a distance. Phoebes

also have no distinct second year (SY) plumage which makes age classes

difficult to distinguish. Phoebes may be aged in the hand by feather wear

(Pyle et al. 1987) and may be sexed during the breeding season by the

presence of a cloacal protuberance or brood patch. Voice and behavior

are unreliable for sexing because females are often aggressive to conspe-

cifics and can sing “male” territorial song (Smith 1969, pers. obs.), al-

though only the female incubates. Phoebes cannot be sexed by external

examination outside the breeding season.

There have been only two published studies of Eastern Phoebes that

used individually marked birds (Middleton and Johnson 1956, Klaas

1975) and little is known about individual variation in color and size and

how it relates to age and sex. As a precursor to understanding social

interactions among age classes of Phoebes, we wanted to document dif-

ferences in plumage color between age classes. We recorded variation in

body size and ventral coloration in a population of individually marked

Eastern Phoebes. We sought patterns of size or coloration that we could

later relate to behavioral patterns, such as mate choice, and that could

also serve as a means of aging and sexing Eastern Phoebes in the field.

We here report the results of our study.

' Dept, of Biology, Queen’s Univ., Kingston, Ontario, Canada K7L 3N6.

2 Dept, of Biology, Acadia Univ., Wolfville, Nova Scotia, Canada BOP 1X0.
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METHODS

We studied Eastern Phoebes from 1988 to 1990 near the Queen’s Biological Station,

Chaffeys Locks, Ontario, Canada (44°34'N, 76°19'W). We captured phoebes in mist nets

during the breeding season and banded them with Canadian Wildlife Service leg bands. We
banded 109 birds and captured 19 females and one male twice within a season. Birds were

banded from the beginning of May to the middle of July, and only breeding birds were

captured. We aged Eastern Phoebes as second year (SY) or after second year (ASY) according

to the wing-wear criteria of Pyle et al. (1987). Birds we could not age with certainty were

considered after hatch year (AHY). The AHY class, therefore, contained both SY and ASY
birds. 24 AHY, 43 SY, and 1 1 ASY females and 10 AHY, 10 SY, and 1 1 ASY males were

banded.

In 1989, sketches of captured Eastern Phoebes were made to record variation in ventral

coloration. We held birds in direct sunlight in a standard position while an assistant sketched

the pattern of breast and abdomen coloration on a egg-shaped template. Eastern Phoebes

are mostly gray with lighter, gray-mottled breasts. Most birds have a white bib which,

although usually small, may cover much of the breast and abdomen. The lower part of the

abdomen is often tinted yellow. Our assistant was asked to delineate, with single, solid lines,

the areas of gray (including gray-mottled), white and pale yellow. In order to reduce possible

bias, we did not tell our assistant the reason for making the sketch. We used a graphics

tablet and digitizing software to find the percentage ofthe total area ofthe template designated

gray, white and pale yellow for each bird. We estimated percentage gray for 45 individuals.

Seventeen of these birds had to be assigned to the AHY class and were excluded from further

color analyses. After arcsine-transforming to normalize the percentage values (Sokal and

Rohlf 1981), we performed a two-way analysis of variance (ANOVA) of percentage gray

with sex and age class as grouping factors to see if the area of gray differed among age and

sex groups.

We measured wing, tarsal, and vent-tail length with a metal ruler which had an upright

stop affixed at 0 mm. Tarsal lengths were not recorded in 1988. We measured wing length

by holding the wing in a natural position with its bend against the ruler stop and its length

flattened along the ruler. We measured tarsal length by bending the foot at the intertarsal

joint and the leg at the tibiotarsal joint, placing the ruler stop firmly against the tibia and

reading the length to the bend in the foot (Alatalo et al. 1984). We measured vent-tail length

as the distance from the center of the vent to the ends of the longest (outer) rectrices. This

is not the “standard” measure of tail length, which includes only the length of the feathers,

but was used because it was convenient to make in the field with minimal handling of the

bird. Where two measurements of body-size parameters were obtained for a single female

within a season, mean differences (±SE) between successive measurements of wing length

(N = 19), tarsal length (N = 17), and vent-tail length (N = 18) were 0.37 ± 0.46 mm, 0.01

± 0.22 mm and 0.2 1 ± 1 .2 mm, respectively. We used only the first measurements obtained

for each bird in our analyses. After testing each morphological character using ANOVA,
we applied Fisher’s linear discriminant function analysis (DFA) to all the characters to

provide a method of identifying the sex of an individual. All statistical analyses were per-

formed using the SYSTAT® statistical package in accordance with Wilkinson (1990).

RESULTS

The largest portion ofan Eastern Phoebe’s venter is gray, and, therefore,

gray is easiest to measure. We chose to use percentage gray for our analysis

of coloration. The area of gray is inversely proportional to the area of
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SEX OR AGE CLASS

Fig. 1. Results of a two-way ANOVA of the effect of age (SY and ASY only) and sex

on percentage of chest area that is gray. Percentage gray is significantly different between

SY and ASY birds (arcsine-transformed data) but not between the sexes. The interaction of

sex and age is also not significant {F = 2.64, df = 1, 24, P = 0.12). Inverse-transformation

means and standard errors are plotted. Sample sizes for the comparisons appear above the

bars.

white (Pearsons r = —0.68, df = 43, P < 0.001). We found no significant

difference in percentage gray between males and females, but ASY birds

had significantly less gray on their breasts than SY birds (Fig. 1).

We used two-way ANOVAs of SY and ASY birds to examine the

relationship between age class, sex, and each of the three size parameters

measured. There were no differences between age classes, but males were

significantly larger in all three parameters (Table 1). Males also had sig-

nificantly longer mean (±SE, N) wing lengths (86.8 ± 0.4, 31 vs 82.1 ±
0.3 mm, 76), tarsal lengths (20.0 ± 0.2 vs 19.2 ± 0.1 mm) and vent-tail

lengths (75.6 ± 0.7 vs 72.7 ± 0.4 mm) than females when age classes

were combined (Fig. 2). Although the means were significantly different,

there was a great deal of overlap between the sexes in distributions of the

three parameters (Fig. 2).

We first applied DFA to a model using wing, tarsal, and vent-tail

lengths. This model fitted significantly (Wilk’s Lambda 0.495, F = 22.2,
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Fig. 2. Frequency distributions of male and female wing, tarsal, and vent-tail measure-

ments. Males had significantly longer wings (/ = 8.64, df = 107, F < 0.001), tarsi {t = 3.82,

df = 70, P < 0.001), and vent-tail lengths (f = 3.88, df = 100, F < 0.001).
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df = 3, 65 ,
P < 0.001). However, vent-tail length had little influence

(standardized canonical correlation = 0.004) and was difficult to measure

in the field. A simpler model, using only wing and tarsal lengths also

provided a significant fit (Wilk’s Lambda 0.49, F = 35.3, df = 2, 69, P
< 0.001) and resulted in the discriminant function: G = 0.872 (wing

length) + 0.615 (tarsal length) — 77.97.

A value ofG > 0, indicated the individual was male and a value ofG
< 0, indicated the individual was female. This function correctly classified

79% (39/49) of females and 95% (22/23) of males, only one female less

than the DFA model that included vent-tail length.

DISCUSSION

The amount of gray on an Eastern Phoebe’s venter decreases with age,

at least between second and later years. Much of the gray is replaced by

white, particularly on the upper portion of the breast. Presumably this

color change occurs during the second prebasic molt. This molt takes

place during July and August, and all body and flight feathers are replaced

(Pyle et al. 1987). All but one of the birds we obtained color data for was

banded before 1 July, so we do not know how quickly the gray area changes

during the molt.

The white bib ofASY phoebes is a conspicuous part ofwhat is otherwise

a rather dull gray plumage. Further research is needed to determine if the

white area of a Phoebe’s breast serves any social function, such as a signal

of status. It seems unlikely that the decrease of gray with age could be

related to female mate choice, because the amount of gray did not differ

between the sexes within age classes. With the exception of the Scissor-

tailed Flycatcher {Tyrannus forficatus), in which subadults of both sexes

have plumage subtly different from adult birds, we are unaware of doc-

umented examples of age-related differences between subadult and adult

plumages among other North American flycatchers. Further study of age-

related plumage differences in Eastern Phoebes and other flycatchers could

provide enlightening contrasts with species that display sex-specific de-

layed plumage maturation (e.g.. Black-headed Grosbeaks, [Pheucticus me-

lanocephalus], Hill 1988).

The group classification function from our DFA did mis-classify 1 5%
of our sample, and we note that these functions have not been validated

with an independent data set. Furthermore, the population sampled comes

from only one site near the north-eastern extreme of the rather extensive

range of Eastern Phoebes. Samples from throughout the range need to be

studied. For the time being, the DFA results do serve to emphasize the

fact that, despite their similar appearance, male Eastern Phoebes are larger

than females, at least in the parameters we measured. There is considerable
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overlap of wing, larsal, and venl-lail lengths between the sexes, but the

size difference holds in both SY and ASY birds. In addition to being a

potential method for sexing non-breeding birds, this difference in size

could also influence behavioral interactions.
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HANDLING EFFICIENCY AND BERRY SIZE

PREFERENCES OF CEDAR WAXWINGS

Michael L. Avery, ‘ Kelly J. Goocher,^ and Marcia A. Cone^

Abstract.— In a series offeeding trials. Cedar Waxwings {Bombycilla cedrorum) preferred

blueberries (Vaccinium spp.) having a mean diameter of 7.5 mm when the diameter of

alternative berries exceeded 12 mm. Waxwings did not exhibit clear preferences among
blueberries that differed by <3.5 mm mean diameter. For 7.5 mm fruit, observed handling

times averaged 2.8 sec and increased exponentially as berry diameter increased. Because

the frequency of dropped fruit also increased with fruit size, the birds’ rate of sugar ingestion

was maximized by feeding on the 7.5 mm berries. The rate of sugar ingestion decreased

linearly as blueberry size increased. Thus, within the range of sizes tested. Cedar Waxwings
preferentially selected blueberries that were more efficiently handled and that produced the

highest rate of sugar intake. Received 18 Dec. 1992, accepted 16 April 1993.

Fruits that are abundant, accessible, and conspicuous attract a wide

variety of seed dispersers (Snow 1971, Stiles 1982). The selection of in-

dividual fruits by frugivorous birds may be governed by factors such as

pulp to seed ratio (Herrera 1981, Snow 1971), fruit size (Wheelwright

1985; McPherson 1987, 1988), seed size (Levey and Grajal 1991), fruit

accessibility (Moermond and Denslow 1983), and total pulp mass (Mc-

Pherson 1987). In addition, birds might be expected to select fruits that

provide large rewards (e.g., energy gain) relative to the costs of acquiring

and handling them (Martin 1985). Indeed, the selection of fruits based

on pulp to seed ratio or the total pulp content may be incidental to

maximizing the ratio of energetic benefit to costs associated with manip-

ulating and swallowing the fruit (Hegde et al. 1991).

Martin (1985) suggested that larger fruits are taken up to the point

where gape width limitations severely increase handling time. Similarly,

Wheelwright (1985) noted that because fruits frequently are swallowed

whole, the upper size limit of a food may be restricted by the gape width

of the bird. Although gape-width limitation may be especially important

in many small-bodied birds (Jordano 1987), others are able to circumvent

this constraint (Levey 1987).

Cultivated blueberries {Vaccinium spp.) represent an important food

source for migrating Cedar Waxwings {Bombycilla cedrorum). Previous

' USDA/APHIS, Denver Wildlife Research Center, Florida Field Station, 2820 E. University Ave.,

Gainesville, Florida 32601.

2 Univ. of Florida, Office of Sponsored Research, Gainesville, Florida 32611 (Present address: 5751 N.

72nd St., Milwaukee, Wisconsin 53218).

3 Univ. of Florida, Office of Sponsored Research, Gainesville, Florida 32611 (Present address: 1 16 Sir
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Table 1

Berry Size Classes Used in Fruit Size Preference Tests

Size class

limits (mm) N

Diameter (mm) Height (mm) Mass (g)

-V SE Jf SE X SE

>7 to <9 21 7.5 0.2 6.7 0.2 0.25 0.01

> 10 to <12 15 11.0 0.1 10.3 0.2 0.82 0.02

>12 to <13.5 13 12.8 0.1 10.6 0.1 1.11 0.02

>13.5 to <15 15 14.0 0.1 11.1 0.2 1.38 0.03

> 1 6 to < 1

8

15 17.6 0.1 14.4 0.3 2.71 0.06

>18 15 20.5 0.1 16.1 0.1 3.91 0.07

field observations (Nelms et al. 1990) suggested that, although they con-

sumed blueberries across a wide range of sizes, waxwings preferred the

smallest ones. In this study, we sought to document the responses of

individual waxwings to the various sizes of blueberries available to them.

We hypothesized that Cedar Waxwings would prefer the size that max-
imized their rate of sugar intake.

METHODS

General. — ’During April and May 1989 and 1991, we collected blueberries from various

cultivars at the Univ. of Florida Horticultural Unit (UFHU). We established six size classes

according to berry diameters: >7 to <9 mm, > 10 to <12 mm, > 12 to < 13.5 mm, > 13.5

to < 15 mm, > 16 to < 18 mm, and > 18 mm. We separated berries into size classes, using

specially constructed metal sorting trays. We measured the diameter, height, and mass of a

subsample in each size class (Table 1).

We mist netted Cedar Waxwings at the UFHU in April 1989 and April-May 1991.

Waxwings were housed communally for two weeks prior to testing. Initially, we fed the

birds banana mash (Denslow et al. 1987) mixed with fresh blueberries of various sizes and

then gradually accustomed them to eating AVN® (Purina Mills, St. Louis, Missouri) finch-

canary feed. We tested birds individually (4 x 4 x 6 m cages), and we placed a blueberrv'

presentation tray (4x8 cm, 2 cm deep) next to one perch and a cup of AVN diet at the

other perch on the opposite side of the cage.

Size preference trials.
— 'We deprived birds of food for 30 min prior to the start of a trial.

Then, the observer placed two test berries on opposite sides of the blueberry presentation

tray and stepped 4 m away to begin timing the bird’s behavior. Handling time was recorded

from when the berry was picked up until when it either was swallowed or dropped. The

birds could not retrieve dropped berries. The first berr> picked up was recorded as the berr>'

chosen. If the bird did not pick up either berry within 3 min, the trial was slopped and

recorded as a refusal.

We offered a given pairing of berry sizes to an individual up to 14 times. We required

eight successful trials (i.e., nonrefusals) for the bird to be included in our size preference

analyses. Also, individual birds received up to three different berry size pairings and were

tested no more than four times in a single morning. In 1989, we tested the 7.5 mm size
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Berry size classes tested (mm)

Fig. 1. Results of feeding trials (N = 5 birds/trial) with individual Cedar Waxwings

expressed as the number of smaller berries selected/the total number of selections (8). A
value of 0.5 indicates indifference. Asterisks denote significant difference {P < 0.05) from

0.5. Capped bars indicate one SE.

class against each of the five larger size classes. In 1991, we tested the 12.8 mm berries

against the two adjacent sizes.

We used 20 birds to obtain five successful preference tests for each size pairing. Five birds

participated in three pairings each, five birds were used for two pairings, and 10 birds were

used in one pairing each. In addition, five other birds participated in the size preference

tests but did not achieve our criterion of eight successful trials. We did, however, incorporate

the eat and drop times from these birds in our overall evaluation of berry handling times.

Analysis. — For each size preference test, we calculated each bird’s preference ratio for the

smaller size class by dividing the number of smaller berries chosen (eaten plus dropped) by

eight, the total number of berries handled (eaten plus dropped). We tested the null hypothesis

that the mean preference ratio for the smaller berry size was not significantly different from

0.5 (each berry size chosen equally) using one sample t-tests on arcsine transformed pref-

erence values (Sokol and Rohlf 1969, Martinez del Rio et al. 1989). In one-way analyses of

variance, we combined the data from all 25 of the study birds to compare eat and drop

times among size classes and among birds.

RESULTS

Size preference. —When the difference between the mean diameters of

the test berries was >3.5 mm, the waxwings demonstrated a clear pref-

erence for the smaller berry (Fig. 1). The birds showed no preference,
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Table 2

Blueberry Handling Behavior by Cedar Waxwings during Feeding Trials to

Assess Fruit Size Preference

Fruit size
Number of berries Eat time (sec) Drop time (sec)

class (mm) Eaten Dropped X SE 5c SE

7.5 166 6 2.8 0.2 4.5 1.5

1 1.0 43 1

1

14.4 2.2 4.7 2.1

12.8 17 42 32.0 2.7 2.9 0.5

14.0 4 33 44.3 6.1 2.9 0.8

17.6 0 0 — — — —
20.5 0 4 — — 2.0 0.6

however, between berries of adjacent size classes. Large standard errors

in several tests (Fig. 1) reflected the variation in responses among test

birds; some consistently selected one size or the other, while others dis-

played no preference. Two of the birds that showed indifference to fruit

size in the 7.5 mm vs 1 1.0 m test, strongly preferred the smaller berry

when it was tested against the 12.8 mm class. Berries in the 7.5 mm and

1 1 .0 mm classes were eaten 97% and 80% of the time, respectively (Table

2). In contrast, berries in the larger size classes were dropped 79% of the

time. The 17.6 mm size class was never chosen.

Handling time and sugar intake. —The time required to swallow a berry

increased significantly with berry size {P < 0.001; F = 128.9), as did the

frequency with which berries were dropped (Table 2). Among berry sizes,

drop time did not differ {P = 0.67; F= 0.59). Waxwings swallowed berries

in the two smallest size classes with little or no manipulation. Occasion-

ally, a bird flew to another part of the cage before swallowing the fruit,

but extended handling was unnecessary. The birds were able to eat the

larger fruit only by mashing them repeatedly in their bills until the soft

fruit could pass through the somewhat distensible gape and mouth to the

esophagus. Among the 12.8, 14.0, and 20.5 mm size classes, 79 berries

were picked up and dropped, 56 (71%) within 2 sec. The birds appeared

to assess and to reject immediately such berries as unsuitable. Other large

berries, however, were dropped apparently by accident after being ma-

nipulated for as long as 22 sec.

There were significant differences {F = 9.04, P < 0.001) in handling

times among the 10 birds that ate 7.5 mm berries. This result was due,

however, to extended handling times by three birds that habitually changed

perches or flew briefly around the cage before swallowing the fruit. These

three birds averaged 4.8 sec/berry compared to the overall mean of 2.8
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Table 3

Estimated Sugar Intake Obtained by Cedar Waxwings per 1 00 Blueberries of

Four Different Size Classes

Blueberry size class

Factor 7.5 mm 1 1.0 mm 12.8 mm 14.0 mm

Number of berries^

Eaten 97 80 29 11

Dropped 3 20 71 89

Total handling time (sec)^

Berries eaten 272 1152 928 487

Berries dropped 14 94 206 258

Total time invested

(sec/ 100 berries) 286 1246 1134 745

Sugar content (mg/berry)^’ 27.2 90.2 121.0 154.0

Sugar intake

Total (mg/ 100 berries) 2638 7216 3509 1694

Rate (mg/sec) 9.2 5.8 3.1 2.3

" Determined from frequencies of eating and dropping and handling times given in Table 2.

Based on an average of 1 10 mg sugar/g fresh berry; R. L. Darnell, K. E. Koch, P. M. Lyrene, unpubl. data.

sec/berry (Table 2). There were no differences (F = 1 .04, P = 0.44) among
the 14 birds that ate 1 1.0 mm berries. Drop times among birds did not

differ for either the 12.8 mm (15 birds; F = 0.45, P = 0.94) or the 14.0

mm (10 birds; F = 0.76, P = 0.65) size classes.

For the four smallest berry size classes, we estimated the birds’ rate of

sugar ingestion by dividing the mg of sugar/berry by the handling time,

corrected for the observed size-specific frequency ofdrops (Table 3). Sugar

ingestion decreased in a negative linear fashion with increasing berry size

(Fig. 2). Although 11.0 and 12.8 mm berries provided greater absolute

amounts of sugar, the 7.5 mm size class clearly provided the highest rate

of sugar ingestion.

DISCUSSION

Foraging theory predicts that animals will maximize energy gain (ben-

efit) per unit time spent foraging (cost) (Stephens and Krebs 1986). Part

of the foraging cost is the time spent handling food items (Martin 1985,

Hegde et al. 1991). Hegde et al. (1991) defined handling time as the time

from picking up a food item to swallowing it. They found that for Red-

vented Bulbuls {Pycnonotus cafer), the handling time per fruit increased

exponentially with an increase in fruit size. Our findings corroborate their

result.
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Fig. 2. The effect of blueberry diameter on the handling time and rate of sugar intake

of captive Cedar Waxwings. Handling time (Y) increases exponentially with berry size (X)

according to the equation, Y = 0.1 1 e° ‘‘'*^ {R^ = 0.99). Rate of sugar intake (Z) decreases

linearly with increased berry size according to the equation, Z = 17.51 — 1 .0 1 X {R^ = 0.98).

On the other hand, our findings differ somewhat from those of White

and Stiles (1991) who found that feeding efficiency (fruit biomass har-

vested per time) of American Robins {Turdus migratorius) increased with

fruit size. Their study, however, included fruit only up to 9 mm in di-

ameter, considerably less than the robins’ mean gape width (White and

Stiles 1991). It is likely, therefore, that handling time was uniformly low

and that accidental dropping was infrequent, so profitability (net energy

gain) would be expected to increase with fruit size (Martin 1985).

In contrast, the size range of blueberries offered to waxwings in our

preference tests may represent the downside of the profitability curve

(Martin 1985). The 7.5 mm berries are at or near the peak of the curve,

with the larger sizes being increasingly less profitable (i.e., yielding less

net energy) due to increased handling costs. For each bird there probably

is a “critical fruit size above which handling becomes difficult” (Martin

1985:566). Birds should, therefore, prefer larger fruits only to the point

at which the diameter does not exceed this critical size.

McPherson (1988) found that two groups of captive Cedar Waxwings
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(mean gape width 12.3 mm) preferred 6-mm diameter cantaloupe bits to

9-mm and 12-mm pieces, a result consistent with field observations of

waxwing fruit size selection (McPherson 1987). We departed from

McPherson’s (1988) study design by focusing on the behavior of individ-

ual Cedar Waxwings instead of groups and by testing a broader range of

fruit sizes representative of those available. Also, we used actual fruit to

reduce the possibility of other factors (e.g., secondary chemical com-
pounds, color) interacting with fruit size to confound the results. We found

that although Cedar Waxwings can eat fruit equal to or greater than their

gape width, they become increasingly inefficient as fruit diameter exceeds

7.5 mm. We suggest that increased handling difficulty, not gape width per

se, sets the upper limit on the size of soft fruits like blueberries that Cedar

Waxwings can efficiently handle.
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REFINING THE USE OF POINT COUNTS FOR
WINTER STUDIES OF INDIVIDUAL SPECIES

Kevin J. Gutzwiller^

Abstract. —I conducted 1 67 unlimited-distance point counts in central Texas in February

1987 and January and February 1988 to determine how count duration, time of day, site

type (woodland perimeter, woodland interior), winter date (before or after 14 February),

and year were related to the winter detection probabilities of 13 species. Within a species,

differences in detection probability among the levels of a factor helped identify the envi-

ronmental (e.g., site type) or methodological (e.g., count duration) conditions under which

one could maximize both detectability and point-count sample size. Among the levels of

time of day, the detectabilities of each of several species were comparable. Thus, instead of

restricting censuses to the morning hours as is common in breeding-season studies, re-

searchers could sample and obtain comparable rates of detection for one of these species

throughout the day. An important benefit would be larger point-count sample sizes, which

would generally improve the statistical power of subsequent analyses. Similarly, detection

probabilities did not differ among 5-, 10-, and 15-min counts for several species; one could

capitalize on this similarity by using 5-min counts to maximize the number ofcounts during

a fixed time interval. Comparisons of detection probabilities among the levels of significant

interaction effects demonstrated that a variety of levels, involving combinations of main-

effect levels, yielded like detection probabilities. Such combinations could be scheduled to

maximize simultaneously both point-count sample size and detection probabilities. Because

additional point counts and improved detectability would tend to yield data that are more

accurate, these strategies are likely to inerease the accuracy of ecological inferences based

on winter point-count data. Received 10 Dec. 1992, accepted 25 March 1993.

Avian ecologists often use relative abundance and occurrence (presence/

absence) data to estimate turnover rates and to monitor population

trends. To draw realistic inferences, researchers try to use sampling meth-

ods that maximize both statistical power and species’ detection proba-

bilities. In practice, detection probabilities are affected by numerous fac-

tors, including a species’ size, color, behavior, and actual abundance,

environmental conditions, and aspects ofcensus methods. Although many
ofthese factors are beyond one’s control, potential does exist for increasing

statistical power and detection probabilities through refinements ofcensus

techniques. For example, investigators can increase the number of in-

dependent samples, which typically enhances statistical power (see Sokal

and Rohlf 1987:123-125), by increasing a technique’s time efficiency or

by sampling during more hours of the day. Detection probabilities, and

therefore the accuracy of associated inferences, can be improved by iden-

tifying the optimal conditions for applying a technique.

Point counts (Vemer 1985) can be used in a time-effective way (Vemer

' Dept, of Biology and Dept, of Environmental Studies, Baylor Univ., Waco, Texas 76798-7388.
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1988) to obtain a large number of independent estimates of relative abun-

dance and occurrence. Count duration, count-point location, and the time

of day and season during which counts are conducted also can be ma-
nipulated easily to maximize species’ detection probabilities. Knowledge
about how to use points counts during winter is accumulating (Hutto et

al. 1986, Verner and Ritter 1986, Gutzwiller 1991, Sliwa and Sherry

1992). Nevertheless, it is still unclear how researchers should use this

technique during the winter to maximize simultaneously both detection

probabilities and point-count sample size for individual species. Pertinent

questions are: how long should unlimited-distance point counts be per

station to maximize detection probabilities and the number of point counts

per day?; during what time(s) of the day and winter should counts be

made to maximize detection probabilities and point-count sample size?;

and, at what type of site (interior or perimeter) should point counts be

conducted to maximize detectability?

An additional issue here is whether different levels of count duration,

time of day, site type, and winter date can be combined in a censusing

scheme to yield comparable detection probabilities for a given species

(see Robbins 1981a, Hutto et al. 1986, Vemer and Ritter 1986). This

would enable one to obtain a larger number of counts with like proba-

bilities of detection and would thus be a strategy to improve statistical

power. To determine whether such combinations are possible, a simul-

taneous analysis ofmain and interaction effects is necessary. My objectives

in this paper are to show how count duration, time of day, site type

(woodland interior, woodland perimeter), and winter date (before or after

14 February) are simultaneously related to detection probabilities and to

describe how this information can be used in sampling protocols to in-

crease detection probabilities and point-count sample size for individual

species.

STUDY AREA AND METHODS

Point counts were completed within 50 km of Waco, Texas (3 1°33'N, 97°10'W), primarily

in McLennan County and also in northern Bell County. Soil, vegetation, and climate details

are provided in Gehibach (1991) and Gutzwiller (1991).

Data collection. — From 3-24 February 1987 and from 19 January to 25 February 1988,

I recorded the number of individuals of each species detected during a two-year total of 1 67

20-min unlimited-distance point counts (see Gutzwiller 1991). To minimize confounding

influences of seasonal changes (see Robbins 1972, Anderson et al. 1981, Best 1981, Rollfinke

and Yahner 1990), I completed point counts during January and February, when species

richness and abundance are essentially stable in the study area (F. R. Gehibach, pers. comm.).

Detections were recorded during four consecutive 5-min intervals within the 20-min period

(Robbins 1981a). Only those individuals that I confirmed to be distinct in time and space

(via visual or aural cues, or both) were recorded as separate individuals. This approach

prevented me from counting the same individual more than once during a 20-min period.
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I located 22 areas of woodland that were typical of those in central Texas with respect to

floristic composition, areal extent, and successional stage. For each of these localities I used

random starting points to define initial count sites. Subsequent sites were established by

pacing along a straight line at least 200 m from the first (or previous) site and stopping at

the nearest woodland perimeter (actual point where woodland abruptly adjoined pasture,

fallow fields, or cropland) or woodland interior, depending on available habitat and the site

type needed to obtain an equal number of site types in each locality. All count sites were

established at least 200 m apart to preclude dependencies in the data from consecutive sites

(see Blondel et al. 1981, Dawson 1981, Hutto et al. 1986). Most sites within a given locale

were about 300 m apart. I began recording data when I reached a point 25 m from the next

point-count site (at least 175 m from the previous site). This enabled me to record individuals

that were present at a site but that, on my approach, stopped vocalizing or flushed without

returning. Hutto et al. (1986) used this basic procedure to improve the accuracy of winter

point counts.

Species that actually used woodland perimeters (N = 79 sites) or interiors (N == 88 sites),

either at the time of detection or within a few seconds thereafter, are included in the present

analysis. To reduce the chance for statistical dependencies among point counts, I did not

include in this analysis data for several species that I frequently saw or heard at distances

exceeding 200 m (waterfowl, wading birds, Turkey Vulture [Cathartes aura]. Black Vulture

[Coragyps atratus], Red-shouldered Hawk [Buteo lineatus], Red-tailed Hawk [B. jamaicen-

5Z5], American Crow [Corvus brachyrhynchos]).

I completed counts when wind speed was <20 km/h (Robbins 1981b), air temperature

was >0°C, no more than a light drizzle fell, and the ground was snow-free. Counts were

made during one of five time periods: 07:00-09:15 (N = 35), 09:16-1 1:30 (N = 38), 1 1:31-

1 3:45 (N = 37), 1 3:46-1 6:00 (N = 29), 1 6:0 1-1 8: 1 5 (N = 28). Habitat and physical conditions

varied somewhat among the 167 count sites (Gutzwiller 1 99 1). I did not analytically remove

variation in detection probabilities associated with these differences because I wanted to

provide sampling recommendations that would apply to the entire range of conditions I

encountered. I sampled once at 167 distinct but comparable sites to ensure that the point

counts would be independent and to obtain data for a greater variety of environmental

conditions than repeated censuses at fewer sites would have permitted.

Statistical analyses.— A. 20-min count was conducted at each of the 167 sites, but I

randomly selected sites for analysis of their 5-, 10-, or 15-min results (N = 56, 56, 55,

respectively) because researchers usually use one of these three durations. Problems with

shorter (2 min) and longer (20 min) durations have been documented (Fuller and Langslow

1984, Vemer 1988). Detection probability was computed as the proportion of point counts

during which a species was seen or heard. As defined and used here, detection probability

was thus an integration of both abundance-dependent and abundance-independent obser-

vation probabilities. A measure that incorporates both types of probability is necessary

because point-count results are actually influenced simultaneously by such factors.

I used logistic regression to test for differences in detection probabilities associated with

count duration, time of day, site type, winter date (before 14 February, N = 107; after 14

February, N = 60), year (1987, N = 66; 1988, N = 101) and their two-way interactions.

Because I was interested in whether count duration x daily period interaction effects varied

with year, site type, or winter date, I also tested for the appropriate three-way interactions.

Site type is not a variable that would be manipulated in a censusing protocol by a researcher

studying habitat use because the distribution of individuals among various site types is the

topic of interest in such a study. In contrast, site type can be chosen and, therefore, should

be considered in the design ofmonitoring efforts, trend analyses, and turnover studies because

count locations that are inappropriate for species would reduce the accuracy of abundance

and occurrence data.
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Analyses were implemented with BMDPLR (Dixon 1985) programs and associated max-

imum likelihood ratio estimators. To obtain a parsimonious description of associations and

to avoid spurious relations due to overlitting or zero cell counts, 1 ensured that statistical

assumptions were met, and I followed the modeling procedures recommended by Hosmer
and Lemeshow (1989: 1 26-133). Knowledge about main effects in the presence of interactions

is valuable in some circumstances (Sokal and Rohlf 1987:198, Gutzwiller 1991). Further,

the patterns exhibited by levels of the main effects are evident in the interactions 1 detected

(see results). For these reasons, I present both main-effect and interaction-effect data. To
test for differences in a species’ detection probability among levels of a significant main or

two-way interaction effect, I first adjusted the detection probabilities and their associated

SEs for other effects in the logistic regression model. Then, I constructed simultaneous

confidence intervals for the differences between adjusted detection probabilities. For the

sake of brevity, differences in detection probabilities among levels of three-way interaction

effects are not provided in the present paper.

Only those species that were detected during more than 25% of the 167 point counts were

used in the present analysis. These species and the number of counts during which they

were detected are Red-bellied Woodpecker (Melanerpes carolinus) (65); Northern Flicker

{Colaptes auratus) (61); Blue Jay (Cyanocitta cristata) (69); Carolina Chickadee {Pams car-

olinensis) ( 1 1 0); Tufted Titmouse {P. bicolor) (5 1 ); Carolina Wren {Thryothorus ludovicianus)

(70); Ruby-crowned Kinglet {Regulus calendula) (43); Eastern Bluebird {Sialia sialis) (45);

American Robin {Turdus migratorius) (103); Northern Mockingbird {Mimus polyglottos)

(62); Yellow-rumped Warbler {Dendroica coronata) (96); Northern Cardinal {Cardinalis

cardinalis) (1 17); and American Goldfinch {Carduelis tristis) (60).

I concluded that statistically indistinguishable detection probabilities were comparable in

magnitude. I did not assume these probabilities were equal or nearly equal. My interpretation

was that the evidence for differences among these probabilities was not strong enough to

reject the null hypothesis of no difference at alpha = 0.05. Large SEs, small sample sizes,

or both can contribute to a lack of statistical significance. But the SEs for detection prob-

abilities were small for levels that did not differ, and sample sizes within levels were adequate

to detect even three-way interaction effects (see results). These conditions suggest that sub-

stantial differences in probability magnitudes were probably not obscured by sample-size

or SE effects.

RESULTS

Number of effects. — Detection probabilities for each of the 1 3 species

were tested for 1 8 main and interaction effects; thus 234(13 x 18) possible

effects could have been detected via the logistic regression analyses. I

detected 24 significant effects (Table 1), which is two times the number

expected by chance alone (0.05 x 234 = 12). In addition, the highest

magnitude of attained significance for any effect was 0.022. The relations

that emerged are consistent with my field observations and those of other

investigators (see below), and my methods were statistically sound. These

results and conditions argue that the detected effects are not spurious.

Species-specific variables. — DQiQciion probabilities for many species were

associated with unique sets of variables involving one or more of the

main and interaction effects (Table 1). That is, the set of effects that was

significant for one species was different from the set that was significant

for most of the other 12 species. For a given species, each explanatory
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Table 1

Logistic Regression Statistics for Species’ Detection Probabilities (N = 167)

Species Explanatory variable df
X^ to remove

{py

Red-bellied Woodpecker Year 1 38.44 (0.000)

Count duration x

winter date

2 14.31 (0.001)

Count duration x

time of day x

site type

8 31.70 (0.000)

Northern Flicker Count duration 2 12.69 (0.002)

Site type x year 1 10.22 (0.001)
Blue Jay Winter date 1 26.83 (0.000)

Time of day 4 12.08 (0.017)
Carolina Chickadee Year 1 17.31 (0.000)

Time of day 4 11.61 (0.021)
Tufted Titmouse Year 1 14.20 (0.000)
Carolina Wren Site type 1 9.23 (0.002)

Count duration 2 7.85 (0.020)

Year 1 14.99 (0.000)
Ruby-crowned Kinglet Year 1 15.70 (0.000)
Eastern Bluebird Year 1 8.81 (0.003)
American Robin Winter date 1 22.31 (0.000)

Site type x

time of day

4 13.13 (0.011)

Northern Mockingbird Time of day 4 12.40 (0.015)
Count duration x

time of day x

site type

8 17.96 (0.022)

Yellow-rumped Warbler Site type x year 1 7.84 (0.005)
Northern Cardinal Time of day 4 16.98 (0.002)

Count duration x year 2 11.52 (0.003)
American Goldfinch Winter date 1 7.46 (0.006)

Time of day 4 17.90 (0.001)

^ The x'-to-remove statistic is a measure of association between the probability of detection and the explanatory variable
after the effects of other explanatory variables in the logistic regression model have been accounted for.

variable that entered the logistic model was significantly associated with
the probability ofdetection, even after variation in detectability associated

with other variables in the model was accounted for (Table 1). When
detection probabilities did not differ among the levels of a factor, that

factor did not enter the logistic model.

Main effects.—ThQ probability of detection for Carolina Wrens was
higher in woodland interiors than at woodland perimeters (Table 2). With-
in each of the other 1 2 species, there were no site-type main effects.
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Table 2

Differences and Similarities in Winter Detection Probabilities (F) among Levels

OF Site-type, Count-duration. Year, and Winter-date Main Effects^

Species Main efi'ect F SE(P) n

Carolina Wren Site type

Woodland interior 0.413 0.056 88 A
Woodland perimeter 0.183 0.045 79 B

Northern Flicker Count duration

5 min 0.099 0.017 56 A
10 min 0.207 0.055 56 AB
15 min 0.382 0.066 55 B

Carolina Wren Count duration

5 min 0.158 0.059 56 A
10 min 0.336 0.066 56 AB
15 min 0.397 0.071 55 B

Red-bellied Woodpecker Year

1987 0.544 0.075 66 A
1988 0.057 0.025 101 B

Carolina Chickadee Year

1987 0.729 0.056 66 A
1988 0.388 0.049 101 B

Tufted Titmouse Year

1987 0.409 0.058 66 A
1988 0.148 0.035 101 B

Carolina Wren Year

1987 0.449 0.063 66 A
1988 0.162 0.037 101 B

Ruby-crowned Kinglet Year

1987 0.318 0.055 66 A

1988 0.079 0.028 101 B

Eastern Bluebird Year

1987 0.076 0.034 66 A
1988 0.248 0.042 101 B

Blue Jay Winter date

Before 14 February 0.479 0.052 107 A

After 14 February 0.093 0.039 60 B

American Robin Winter date

Before 14 February 0.625 0.048 107 A

After 14 February 0.238 0.055 60 B

American Goldfinch Winter date

Before 14 February 0.248 0.053 107 A

After 14 February 0.085 0.039 60 B

• Ps and SEins listed here are adjusted for other cttects in me logisiie res.ess.o,. r

.

the wr™p cLparisons are based on x-to-remove tests from logistic regression analyses for each s^tes (Table If

Reslus oT°he three-^oupcontpansons are based on simultaneous confidence intervals for the differences toween adjusted

detect ofprobabilitSs; each set of three-group comparisons had an expenmentwise-error rate - 0.05. W.thm each mam

efel for a given species, probabilities not marked with a common letter differed significantly.
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For Northern Flickers and Carolina Wrens, 5-min counts yielded de-

tection probabilities that were significantly lower than those associated

with 1 5-min counts; 10- and 1 5-min counts yielded the highest detectabili-

ties and were indistinguishable statistically (Table 2). None of the other

1 1 species exhibited count-duration main effects.

Year effects on detectability occurred for six species (Red-bellied Wood-
pecker, Carolina Chickadee, Tufted Titmouse, Carolina Wren, Ruby-
crowned Kinglet, Eastern Bluebird); the first five were detected with a

higher probability during 1987, and Eastern Bluebirds were more de-

tectable during 1988 (Table 2). The remaining seven species (Northern

Flicker, Blue Jay, American Robin, Northern Mockingbird, Yellow-

rumped Warbler, Northern Cardinal, American Goldfinch) did not exhibit

year main effects.

Winter-date effects for Blue Jays, American Robins, and American
Goldfinches indicated they were more detectable before 1 4 February than

after this date (Table 2). Winter-date main effects were not evident for

the Red-bellied Woodpecker, Northern Flicker, Carolina Chickadee, Tuft-

ed Titmouse, Carolina Wren, Ruby-crowned Kinglet, Eastern Bluebird,

Northern Mockingbird, Yellow-rumped Warbler, or Northern Cardinal.

Detection probabilities differed significantly among levels of the time-

of-day main effect for Blue Jays, Carolina Chickadees, Northern Mock-
ingbirds, Northern Cardinals, and American Goldfinches, with higher

probabilities occurring primarily during 07:00-13:45 (Table 3). Within

each of the other eight species (Red-bellied Woodpecker, Northern Flicker,

Tufted Titmouse, Carolina Wren, Ruby-crowned Kinglet, Eastern Blue-

bird, American Robin, Yellow-rumped Warbler), detectabilities did not

differ statistically among levels of the time-of-day main effect.

Interaction effects.— 'DQtQcXion probabilities differed among levels of

several interaction effects: site type x year (for Northern Flickers and
Yellow-rumped Warblers); site type x time ofday (for American Robins);

count duration x year (for Northern Cardinals); and count duration x

winter date (for Red-bellied Woodpeckers; Table 4). These effects indicate

that the influence of the levels of one factor on detection probabilities

depended on the levels of the other factor in the interaction. The count

duration x time of day x site type interaction effect was significant for

Red-bellied Woodpeckers and Northern Mockingbirds (Table 1), indi-

cating that the count duration x time of day effect differed between

woodland perimeters and interiors. Interaction effects did not significantly

influence detection probabilities for the Blue Jay, Carolina Chickadee,

Tufted Titmouse, Carolina Wren, Ruby-crowned Kinglet, Eastern Blue-

bird, or American Goldfinch.
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Table 3

Differences and Similarities in Winter Detection Probabilities (P) Among Levels

OF THE Time-of-Day Main Effect“

Species Time of day F SE(F) N

Blue Jay 07:00-09:15 0.323 0.085 35 AB
09:16-1 1:30 0.432 0.090 38 A
1 1:31-13:45 0.164 0.060 37 AB
13:46-16:00 0.1 14 0.058 29 B

16:01-18:15 0.225 0.084 28 AB

Carolina Chickadee 07:00-09:15 0.756 0.072 35 A
09:16-1 1:30 0.580 0.080 38 AB
1 1:31-13:45 0.622 0.080 37 AB
13:46-16:00 0.529 0.093 29 AB
16:01-18:15 0.325 0.089 28 B

Northern Mockingbird 07:00-09:15 0.248 0.082 35 AB
09:16-1 1:30 0.368 0.076 38 A
11:31-13:45 0.250 0.081 37 AB
13:46-16:00 0.071 0.058 29 B
16:01-18:15 0.074 0.069 28 B

Northern Cardinal 07:00-09:15 0.826 0.066 35 A
09:16-11:30 0.687 0.075 38 AB
1 1:31-13:45 0.614 0.079 37 AB
13:46-16:00 0.398 0.090 29 B
16:01-18:15 0.407 0.091 28 B

American Goldfinch 07:00-09:15 0.397 0.086 35 A
09:16-11:30 0.202 0.065 38 AB
1 1:31-13:45 0.239 0.070 37 AB
13:46-16:00 0.085 0.055 29 B
16:01-18:15 0.033 0.050 28 B

" Ps and SE(P)s listed here are adjusted for other effects in the logistic regression models (Table 1). Level differences are

based on simultaneous confidence intervals for the differences between adjusted detection probabilities; each set of com-
parisons for a given species had an experimentwise-error rate = 0.05. Within each time-of-day effect for a given species,

probabilities not marked with a common letter differed significantly.

DISCUSSION

Criteria for identifying comparable probabilities. — For probabilities that

are found to be statistically indistinguishable among the levels of a factor,

some researchers, in deciding which factor levels to use during sampling,

may want the magnitudes of these probabilities to be very similar (e.g.,

<5% actual difference). This ideal can at least be approached by increasing

alpha. In the absence of sample size changes, a larger alpha would reduce

the Type II error rate (beta) and increase statistical power ( 1 - beta) (the

ability to detect a difference when one exists) (Zar 1984:44). Probabilities
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judged not to dilfer at the higher alpha level would tend to be more similar

in magnitude, all else being equal. By increasing alpha, however, one

would run a greater risk of incorrectly rejecting the null hypothesis and

inferring that two or more probabilities were different (Type I error rate

would be higher). I used the conventional level ofalpha (0.05) to minimize

both Type I and Type II errors (see Zar 1984:44) and to illustrate my
approach for identifying point-count variables that either were or were

not influential under winter conditions. Higher alpha levels could be used

if desired. Or, an alpha of 0.05 could be used to capitalize on the advan-

tages mentioned above, and investigators could use only those levels of

a factor (significant or nonsignificant) that yield magnitudes of probabil-

ities that satisfy their criteria for similarity.

Species-specific variables. Spccits’ detectabilities were influenced by

different environmental or methodological factors or both; these results

underscore the need to tailor census designs to individual species when
relative abundances are to be compared or when population trends for

particular species are ofspecial interest. Otherwise, less accurate inferences

regarding these topics could be drawn because the optimal conditions for

using point counts to census one species may not be optimal for another

species. When many species are to be studied, censuses designed specif-

ically for individual species will be difficult to implement simultaneously

and will require additional time and effort. One option in this situation

is to identify the environmental and method-related aspects ofusing point

counts that simultaneously maximize both detectability and point-count

sample size for a group of species of special concern (perhaps an assem-

blage of neotropical migrants, for example) or for most species. This can

be accomplished by determining the factors that affect detectability and

point-count sample size for each species individually and then identifying

common results. Applying this approach to count duration, time of day,

site type, and winter date for the present analysis, 10-min counts during

07:00-13:45 in woodland interiors before 14 February would maximize

both detection probabilities and point-count sample size for the set of 1

3

species as a whole (cf. Tables 2-4).

Main and interaction effects. —Among the levels ofmain and interaction

effects involving site type, detectabilities were similar within each of the

following species: Blue Jay, Carolina Chickadee, Tufted Titmouse, Ruby-

crowned Kinglet, Eastern Bluebird, Northern Cardinal, and American

Goldfinch. Thus, one could census these species at woodland perimeters

and in woodland interiors, and a large area containing both site types

could be sampled more effectively. An important advantage of such a

scheme is that point-count sample size would be increased substantially,

which would generally improve the statistical power of subsequent anal-
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yses (see Zar 1984, Hanowski et al. 1990). For species whose deleclability

is influenced by site type (e.g., Carolina Wren, Table 2), point-count

stations can be randomly placed within site types that maximize detection.

This strategy would not be appropriate for research in which habitat

associations are being studied, but it would be crucial for monitoring

trends in bird populations (e.g., Verner 1988, Verner and Milne 1989)

and for studies of turnover.

For main and interaction effects involving count duration, detection

probabilities did not differ significantly for eight species (Table 1), which

suggests that within each of these species, individuals would be detected

with like probabilities for all three levels of count duration. One could

capitalize on this similarity by using 5-min counts, in lieu of 10- or 15-

min counts, to increase the number of samples that could be obtained

during a set time interval. Within some species, 10- and 1 5-min counts

yielded comparable detection probabilities (Table 2). To maximize both

detectability and point-count sample size, 10-min counts would be op-

timal (see also Fuller and Langslow 1984, Verner 1988) because 1 5-min

counts require more time. Maximizing the number of point counts can

help one census an area in less time. This is an important concern when
many different areas must be censused during a fixed period or when the

number of days spent sampling must be minimized to avoid the effects

of changing environmental conditions (e.g., temperature, precipitation,

bird community composition).

In pilot studies to determine which variables influence detection prob-

abilities, annual differences in detectability (e.g.. Table 2) should be as-

sessed and, if significant, controlled for in statistical analyses (cf. Smith

1984). Annual differences were accounted for in the present study by

including year in the logistic model when necessary. This approach en-

abled me to remove confounding variation associated with year, use all

167 counts for a given model, and thereby obtain a clearer assessment of

the influence of the other independent variables.

Considering both main and interaction effects, the detectability of nine

species did not differ significantly between winter dates (Table 1), indi-

cating that within each of these species the probability of detection was

similar from mid-January through late February. The number of com-

parable independent point counts could be maximized for these species

by sampling until late February. The winter-date influences on detectabili-

ties of Blue Jays, American Robins, and American Goldfinches (Table 2)

support earlier recommendations that for some species winter censusing

should be conducted before mid-February (Kolb 1965, Dickson 1978,

Conner and Dickson 1980).

I did not find differences in detection probabilities among the levels of



624 THE WILSON BULLETIN • Vol. 105, No. 4, December 1993

main or interaction effects involving time of day for six species. These

results indicate that instead of sampling just during the morning hours,

as is common for breeding-season censuses, researchers could sample for

one of these species throughout the day and expect comparable rates of

detection among the five times of day for that species. Of course, some
times of day would yield probabilities that were higher or more similar

than what other times may provide, and investigators could decide which
times to use on the basis of desired magnitude and similarity. The more
similar the probabilities from various factor levels are, the less chance

there is of introducing variance into point-count results. For species that

are sampled during the entire day, observer fatigue also could introduce

variation into the results. Scheduling a single observer for no more than

4 or 5 hours of counting per day would help avoid this problem.

For some species certain times of day were optimal for censusing and
all periods did not yield comparable detection probabilities (Table 3). To
maximize both detectability and sample size, counts for Northern

Cardinals, for example, could be conducted during 07:00-13:45. Another

option would be to sample Northern Cardinals just during 09:16-13:45

because, by using levels that yielded detection probabilities that were more
similar, the variance of resulting point-count data would be minimized.

Other investigators have found differences in detectability associated with

time of day during the winter for various species (see Robbins 1972,

Shields 1977, Vemer and Ritter 1986, Rollfinke and Yahner 1990). Roll-

finke and Yahner (1990) suggested that counts conducted after 14:00 may
lead to underestimates of the abundances of some species. In the present

study, counts conducted from 13:46-18:15 did indeed yield significantly

lower detection probabilities than earlier times for some species (Table

3). This pattern was not evident for most of the species I studied. General

recommendations about when to sample during the day in winter may
be inappropriate because there is considerable variation among species

in detectability during the day, even in the same study area (see Table 3

and the references cited immediately above). A more valid approach

would be to conduct area-specific analyses to identify optimal sampling

times for the species or group of species of interest.

Knowledge about interaction effects (e.g.. Table 4) can be valuable in

designing census plans. The site type x time of day interaction for Amer-
ican Robins, for instance, could be used to identify a variety of site type-

time of day combinations that would yield comparable detectabilities.

One could use the combinations to maximize sample size, detectability,

or both. For example, one could maximize both sample size and detect-

ability for American Robins by using all combinations that yielded prob-

abilities that did not differ significantly from the highest detection prob-



Gutzwiller • WINTER POINT COUNTS 625

ability {P = 0.670 for woodland perimeter, 09:16-11:30); only two
combinations (woodland interior, 09:16-1 1:30 and woodland perimeter,

1 1:31-13:45) yielded significantly lower probabilities (Table 4). Interac-

tion effects may be important indicators of problems to avoid, such as

habitat shifts between years that may be associated with site type x year

interactions. Any interaction involving year indicates that the differences

in detectability among levels of the other factor in the interaction were

not the same each year. To maintain the accuracy and precision of point

counts, investigators should base sampling protocols on relations that do
not differ among years. The count duration x time of day interaction

differed between site types for Red-bellied Woodpeckers and Northern

Mockingbirds, which indicates that census schemes involving combina-
tions ofvarious count durations and times ofday would not yield detection

probabilities that would be comparable between site types for these spe-

cies.

My specific results will be most relevant for winter researchers working

with the same species that I studied. But the present analysis also has

broader significance in that it demonstrates how investigators can increase

both point-count sample size and detectabilities. Although estimates of

detection probabilities presented herein for certain species may be broadly

applicable, a study of how to use point counts in the area of interest is

likely to provide more refined and effective recommendations. Factors

beyond the scope of analysis here— effects of observer skill (Smith 1984,

Vemer and Milne 1989) and observer fatigue, for example— also deserve

attention in pilot studies. The additional effort required for such analyses

is warranted because it can help investigators determine how to increase

point-count sample size and detection probabilities which should in turn

improve the accuracy of ecological inferences.
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AVIAN RESPONSES TO OBSERVER CLOTHING
COLOR: CAVEATS FROM WINTER POINT COUNTS

Kevin J. Gutzwiller^’^ and Heidi A. Marcum^

Abstract.—As part of a project to determine optimal methods for censusing winter birds

with unlimited-distance point counts, we studied the influence of wearing a hunter-orange

vest on richness estimates and species’ detection probabilities. We did not find a significant

difference in the number of species detected between apparel conditions (vest worn, vest

not worn). However, separate detection probabilities for three species were associated with

whether or not an orange vest was worn (Carolina Chickadee [Pams carolinensis, P = 0.075];

Tufted Titmouse [P. bicolor, P = 0.009]; American Goldfinch [Carduelis tristis, P = 0.002]).

For all three species, detection probabilities were lower when a vest was worn, suggesting

that these species were repelled by the orange vest. Movement toward or away from a color,

respectively, may generate inaccurate assessments of behavior, habitat use, and abundance.

Knowledge about chromotropic responses to observer apparel will enable investigators to

design more valid research. A clear benefit of improved designs will be more accurate

inferences, which are crucial for conservation efforts and for advancing ornithological sci-

ence. Received 7 Jan. 1993, accepted 6 May 1993.

Many species of birds use plumage color to discriminate between sexes

(e.g., Noble 1936). Conspicuous colors also may signal an individual’s

rank within a flock (Rohwer 1985), and responses to color can influence

the maintenance of pair bonds (Frankel and Baskett 1963, Goforth and
Baskett 1965). Colored objects attached to birds also elicit responses

(Lensink 1968, Wilson et al. 1990). For example, colored leg bands have

influenced mate choice, reproductive success, mortality, parenting be-

havior, and territory loss (Burley 1981; Burley et al. 1982; Burley 1985a,

1986a, 1986b; Metz and Weatherhead 1991; cf Weatherhead et al. 1991).

It is therefore reasonable to hypothesize that some birds may respond

to the color of clothing of researchers. We are not aware of any research

that has quantitatively assessed the effects of clothing color on bird be-

havior, yet such work is essential for determining whether clothing color

alters bird behavior and generates artifacts in data sets. Ifobserver apparel

induces positive or negative chromotropism— movement toward or away
from a color, respectively— researchers may get inaccurate censuses and

draw invalid inferences about habitat use, population trends, and nu-

merous other patterns. Such effects could ultimately result in inefficient

or misdirected conservation efforts.

As part of a study to identify optimal methods for censusing winter

birds with unlimited-distance point counts (Gutzwiller 1991, 1993), we

' Dept, of Biology, Baylor Univ., Waco, Texas 76798-7388.

2 Dept, of Environmental Studies, Baylor Univ., Waco, Texas 76798-7388.
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examined the inlluence of wearing a hunter-orange vest on richness es-

timates and species’ detection probabilities. During the winter, investi-

gators may wear an orange vest as a safety precaution because hunting

seasons often coincide with efforts to assess winter habitat needs or winter

population sizes. We view this analysis as one facet of a larger set of

experiments that should be conducted on responses to observer clothing

color. In this paper our objectives are to (1) alert investigators to the

possibility that avian responses to clothing color may influence census

accuracy, (2) describe how species richness and the detection probabilities

for individual species in our study were associated with whether the ob-

server wore an orange vest or not, and (3) indicate ways by which biases

originating from responses to color can be avoided or reduced.

STUDY AREA AND METHODS

Point counts were conducted in woodlands of the Blackland Prairie and Grand Prairie

regions (Riskind and Diamond 1988) within 50 km of Waco, Texas (31°33'N, 97°10'W).

Details about soils, vegetation, and weather are in Correll and Johnston (1979), Gehlbach

(1991), and Gutzwiller (1991).

Data collection. — KJG recorded the number of individuals ofeach species detected during

167 20-min unlimited-distance point counts during 3-24 February 1 987 and from 1 9 January

to 25 February 1988. To minimize confounding influences of seasonal changes (see Robbins

1972, Anderson et al. 1981, Rollfinke and Yahner 1990), point counts were completed

during January and February, when species richness and abundance are essentially stable

in the study area (F. R. Gehlbach, pers. comm.). Within each 20-min period, detections

were recorded during four consecutive 5-min intervals (Robbins 1981a).

Point counts were conducted in twenty-two areas of woodland that were chosen because

they were accessible and typical ofthose in central Texas with respect to floristic composition,

areal extent (approximately 10-200 ha), and successional stage. For each of these areas,

random starting points defined initial count sites. Subsequent sites were established by pacing

at least 200 m from the first or previous site. Depending on its size, each area yielded from

two to fifteen count sites. All count sites were established at least 200 m apart to minimize

dependencies in the data from consecutive sites (see Blondel et al. 1981, Dawson 1981,

Hutto et al. 1986). Most sites within a given area were about 300 m apart; individual areas

were separated by 3-30 km. KJG began recording data when he reached a point 25 m from

the next point-count site (at least 175 m from the previous site). This enabled him to record

individuals that were present at a site but that, on his approach, stopped vocalizing or flushed

without returning (Hutto et al. 1986). Only individuals that actually used woodland perim-

eters or interiors, either at the time of detection or within a few seconds thereafter, were

included in this analysis. To minimize the chance for statistical dependencies among point

counts, we did not include several species that were often audible or visible from distances

exceeding 200 m (waterfowl, wading birds, Turkey Vulture [Cathartes aura]. Black Vulture

[Coragyps atratus]. Red-shouldered Hawk [Buteo lineatus]. Red-tailed Hawk [B. jamaiccn-

5/5], American Crow [Corxus brachyrhynchos]).

Counts were not conducted when wind speed was >20 km/h (Robbins 1981b), air tem-

perature was <0°C, more than a light drizzle fell, or when snow was on the ground. Point

counts hampered by noises or activities of dogs, people, or large bird flocks were not used.

Habitat and physical conditions varied somewhat among the 167 count sites (Gutzwiller
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1991); in the present analysis, our intent was to identify relations that transcended such

influences. We wanted to provide censusing guidelines effective for the entire range of

conditions we encountered, so we did not analytically remove variation in mean richness

or detection probabilities associated with these differences. KJG sampled once at 1 67 distinct

but comparable sites to ensure statistical independence among point counts and to provide

information for a greater variety of environmental conditions than repeated censuses at

fewer sites would have permitted. Before arriving at each count site, KJG chose either to

wear or remove the same orange vest based on the number of point counts necessary to

balance each apparel condition (vest worn, vest not worn) among levels of the other inde-

pendent variables in the study (count duration, site type [woodland perimeter, woodland

interior], time of day, winter date, year [Gutzwiller 1991, 1993]). Influences of the vest on

estimates ofrichness and detection probabilities were thus prevented from being confounded

with effects from the other independent variables. Additional data-collection details are

described in Gutzwiller (1991, 1993).

Statistical analyses. —Wq applied a square-root transformation to the richness estimate

(number of species detected) for each count site to normalize error terms and stabilize error-

term variances (Neter and Wasserman 1974, equation 15.1 1). For each apparel condition,

a normal probability plot (SAS Institute, Inc. 1985a) indicated transformed richness values

were normally distributed; variances for the transformed richness values for the two apparel

conditions also were quite similar (1.79 for vest worn, 2.17 for vest not worn). To test for

differences in mean richness associated with the two apparel conditions, type III sums of

squares were computed with Proc GLM (SAS Institute, Inc. 1985b). Type III sums ofsquares

enable one to assess more clearly the influence of a given effect because all other effects in

the model are accounted for first. We tested whether mean richness differed between apparel

conditions after controlling for variables used in an earlier general linear model for richness

(count duration, site type, time of day, winter date, year, and associated interactions) (Gutz-

willer 1991). Data for all forty-six species (see Gutzwiller 1991, Table 1 ) used in this original

model were also used in the present richness analysis.

We used logistic regression to relate the presence (coded 1) or absence (coded 0) of a given

species at a site to whether or not an orange vest was worn (VEST); this enabled us to test

for differences in a species’ detection probabilities associated with the two levels of apparel

condition. For each species separately, variables found to be influential in previous analyses

(Gutzwiller 1993)— count duration, site type, time of day, winter date, year, and associated

interactions—were controlled for before assessing the influence of apparel condition. Anal-

yses were performed with BMDPLR (stepwise) programs (Dixon 1988) and associated

maximum likelihood ratio estimators. The indicator variable, VEST, was 0 when a vest

was not worn and 1 when a vest was worn. To obtain a parsimonious description of

associations, and to avoid spurious relations due to overfitting, each final logistic regression

model for a species had to have (1) a significant (P < 0.05) x^-to-remove statistic for each

explanatory variable (actual P levels were 0.000-0.022), (2) nonsignificant goodness-of-fit

statistics (actual P levels were 0.504-1.000), and (3) regression coefficients and associated

standard errors (SEs) with small magnitudes (Hosmer and Lemeshow 1989) (actual coeffi-

cient magnitudes were 0.0002-1.8070; actual SE magnitudes were 0.1599-0.9290). The x^-

to-remove statistic is a measure of how well an explanatory variable is related to the de-

pendent variable after the influences of all other explanatory variables in the model have

been taken into account. Nonsignificant goodness-of-fit statistics for a model indicate that

the model is an acceptable description of the observed data. Small magnitudes of logistic

regression coefficients and their SEs indicate that the data have not been overfitted and that

numerical problems such as zero cell count, complete separation, and colinearity have not

affected estimates appreciably (Hosmer and Lemeshow 1989). Because VEST was not sig-
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nificant for some species but was significant for others, we used x^-to-enter statistics to

report the outcomes of the analyses for all species; x‘-to-enter and x^-io-remove statistics

were identical when VEST was significant and included in the model.
For each apparel condition, we adjusted the detection probabilities and their associated

SEs for other effects in each species’ logistic regression model. Because a logistic curve is

nonlinear, the variation in detection probability around the adjusted point estimate was not

symmetrical. To compute the SE of an adjusted detection probability, we constructed a 95%
confidence interval for the probability, divided each side of the interval by two to get one
SE for each side of the interval, and then averaged these two SEs (cf Hosmer and Lemeshow
1989, D. A. Anderson, pers. comm.). To avoid zero cell counts and the imprecise logistic

regression coefficients that result (Hosmer and Lemeshow 1989), only those species that

were detected during more than 25% of the 167 point counts were used in the present

analysis.

RESULTS

Thirteen species were detected during more than 25% of the counts;

these species and the number of counts during which they were detected

were: Red-bellied Woodpecker (Melanerpes carolinus 65), Northern Flicker

{Colaptes auratus 61), Blue Jay {Cyanocitta cristata 69), Carolina Chick-

adee {Pams carolinensis 1 10), Tufted Titmouse {P. bicolor 51), Carolina

Wren {Thryothorus ludovicianus 70), Ruby-crowned Kinglet {Regulus ca-

lendula 43), Eastern Bluebird {Sialia sialis 45), American Robin {Turdus

migratorius 103), Northern Mockingbird {Mimus polyglottos 62), Yellow-

rumped Warbler {Dendroica coronata 96), Northern Cardinal {Cardinalis

cardinalis 1 17), and American Goldfinch {Carduelis tristis 60).

We did not find a significant difference in the number ofspecies detected

between apparel conditions. The least-squares means for the square-root

transformed richness estimates (± least-squares SEs) were 4.54 ± 0.156

(vest worn) and 4.71 ± 0.167 (vest not worn) {F = 0.54, df = \, P =

0.462, N = 167).

Logistic regression analyses indicated, however, that the detection of

some individual species was related to whether or not a vest was worn

(Table 1). The adjusted detection probability (±adjusted SE) for Blue Jays

was lower when a vest was worn (0.144 ± 0.043) than when a vest was

not worn (0.343 ± 0.066). But Brown’s goodness-of-fit test for the Blue

Jay model was significant (x^ = 7.43, df = 2, P = 0.024), indicating that

a logistic model may not be appropriate for the set of variables used. The

Hosmer-Lemeshow goodness-of-fit test for this model was not significant

(^2 = 7.43, df = 8, F' = 0.49 1 ), implying that the model’s predicted values

fit the observed data. Taking a conservative approach, we decided that

the relation between Blue Jay detection probability and VEST could not

be interpreted clearly. Nevertheless, the attained significance level for

VEST {P = 0.004) suggests that additional field study of this association

is warranted.
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Table 1

Statistics for Logistic Regression Relations between Species’ Detection

Probabilities and Whether or Not an Orange Vest Was Worn (VEST) (N = 167)

x’-to-enter for

Species VEST (df= 1)“ p

Red-bellied Woodpecker 2.14 0.144

Northern Ricker 0.01 0.927

Blue Jay 8.54 0.004

Carolina Chickadee 3.17 0.075

Tufted Titmouse 6.92 0.009

Carolina Wren 0.06 0.802

Ruby-crowned Kinglet 0.08 0.771

Eastern Bluebird 0.87 0.352

American Robin 1.81 0.178

Northern Mockingbird 0.19 0.662

Yellow-rumped Warbler 0.17 0.684

Northern Cardinal 1.13 0.287

American Goldfinch 9.26 0.002

“ A significant x^-to-enter statistic indicated that if VEST was included in the model there would be a significant

improvement in the model’s ability to predict detection probabilities. For each species, a vest was worn during 87 point

counts but not during the other 80 counts.

We found a marginal association between Carolina Chickadee detection

and VEST (Table 1). The adjusted detection probabilities (± adjusted SEs)

for Carolina Chickadees were 0.498 ± 0.058 (vest worn) and 0.655 ±
0.062 (vest not worn). Stronger relations were found between the detection

of the Tufted Titmouse and American Goldfinch and whether or not a

vest was worn (Table 1). For the Tufted Titmouse the adjusted detection

probabilities (± adjusted SEs) were 0.169 ± 0.041 (vest worn) and 0.372

± 0.061 (vest not worn); for the American Goldfinch they were 0.083 ±
0.032 (vest worn) and 0.236 ± 0.061 (vest not worn). Thus, for all three

species exhibiting relations, when a vest was worn detection probabilities

were lower.

DISCUSSION

The results argue that the Carolina Chickadee, Tufted Titmouse, and

American Goldfinch were repelled by a hunter-orange vest. We are not

aware ofany previous work that documents such apparel-color influences.

Negative and positive chromotropic responses to researcher apparel have

the potential to generate inaccurate assessments ofavian behavior, habitat

use, and abundance. Eflbrts to manage habitats and populations may be

thwarted if decisions are based on data with serious color-induced arti-

facts.
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The relations found for the Carolina Chickadee, Tufted Titmouse, and
American Goldfinch expand and confirm current knowledge about the

color orange as an avian repellent. Hess (1956), Kear (1964), and Op-
penheim (1968), for example, demonstrated that orange elicited fewer

pecks by Mallard {Anas platyrhynchos) ducklings than did other colors.

Further, orange appears to have more potential than other colors as an

aversive stimulus to prevent Mallards from landing on oil spills (Lipcius

et al. 1980).

The species-confidence hypothesis (Burley et al. 1982; Burley 1985b,

1986a) asserts that birds prefer colors that are typical of their own species

and that they avoid atypical colors. Adult male Zebra Finches {Poephila

guttata) have red-orange beaks and orange legs, and female Zebra Finches

preferred red-banded males over unbanded, or orange-, blue- or green-

banded males (Burley et al. 1982; Burley 1985a, 1986a, b). Sexually mono-
morphic Double-bar Finches {P. bichenovii) have bluish-gray legs and
beaks, and both sexes preferred blue-banded members of the opposite sex

over both unbanded and red-banded individuals (Burley 1986a). Wilson

et al. (1990) found that Adelie Penguins {Pygoscelis adeliae) ignored black

devices that were attached to their black-feathered backs, which also

supports this hypothesis.

Based on the species-confidence hypothesis, it thus seems plausible that

species with red or orange on their bodies would not be repelled as easily

by an orange vest as species without these colors. Of the thirteen species

we studied individually, seven (Blue Jay, Carolina Chickadee, Tufted

Titmouse, Carolina Wren, Northern Mockingbird, Yellow-rumped War-

bler, American Goldfinch) did not have shades of red or orange on their

bodies; the other six species (Red-bellied Woodpecker, Northern Flicker,

Ruby-crowned Kinglet, Eastern Bluebird, American Robin, Northern

Cardinal) did. Three (43%) (Carolina Chickadee, Tufted Titmouse, Amer-

ican Goldfinch) of the seven species without red or orange appeared to

be repelled by the orange vest, whereas none of the six species with red

or orange on their bodies had detection probabilities that were associated

with VEST.
Johnson et al. (1993) found that during the breeding season female

American Goldfinches were attracted to males with brighter orange bills,

and that females preferred males with orange leg bands. Thus, orange

may repel American Goldfinches only during winter when orange is not

part of this species’ typical coloration. Female American Goldfinch pref-

erence for males with orange bills during the breeding season is consistent

with the species-confidence hypothesis because females also have yellow-

orange bills at this time (Mundinger 1972, Johnson et al. 1993). Consid-

ering the American Goldfinch data from both Johnson et al. (1993) and
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the present study, avian color preferences and tolerances probably depend

in part on context. Preference for a particular color may depend, for

example, on whether the objects with that color are leg bands on a con-

specific or food items (N. Burley, pers. comm.).

Perhaps the person-vest combination was more repellent than the or-

ange garment alone. That is, some species may be more shy around people,

have less contact with people, or both, compared to other species, and

wearing an orange vest may elicit more pronounced avoidance of people

by timid or wary species because a person wearing such a vest would be

more conspicuous (N. Burley, pers. comm.). The three species that ap-

peared to be repelled by the orange vest, however, are easily approached

(when an orange vest is not worn) and common in human-dominated
areas. Still another possible explanation for our results may be that the

three species that exhibited a vest effect are innately averse to orange (cf

Smith 1975), although female American Goldfinch preference for males

with bright orange bills casts doubt on this idea for this species. Overall,

our results are consistent with the species-confidence hypothesis, but con-

text and innate responses also may have influenced the effects of the vest.

The different associations between detection probability and VEST found

among species in this study illustrate that biases and artifacts can arise

from chromotropism. Although we did not design the study to discern

the mechanism(s) responsible for the patterns we observed, knowledge of

the associations themselves is valuable because it can enable researchers

to design more valid research. A clear benefit would be more accurate

inferences.

Investigators can use several strategies to avoid or minimize biases and

inaccuracies originating from chromotropism. A pilot project for one’s

study area would be useful to determine which, if any, species are influ-

enced by clothing color. Efforts to assess these relations for a few or many
species would be outweighed by the information gained and the conse-

quent improvement in study design. Colors that are suspected or known
to attract, repel, or cause aberrant behavior should not be worn. If such

colors are necessary as a safety precaution, as hunter orange was for KJG,
then clothing with those colors should always be worn, their effects should

be estimated, and the results should be interpreted accordingly. If influ-

ential colors must be worn for safety by some investigators but not by

others in a single study, potential problems in interpreting the results can

be ameliorated by accounting analytically for this source of variation. For

example, whether or not apparel of a particular color is worn could be

considered a fixed-effect factor {sensu Zar 1984) in analysis of variance,

analysis of covariance, ordinary least-squares regression, or logistic re-

gression. Some species may react to specific colors, whereas others in the
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same area may not. Ideally, researchers should wear colors that aflecl the

fewest species. Perhaps the best way to achieve this is to wear dark drab
clothes or camouflaged garments so that one’s detectability is reduced.

ACKNOWLEDGMENTS

We thank F. R. Gehlbach tor help with winter-call identification; D. A. Anderson and R.

S. Cochran for statistical advice; J. Blondel, N. Burley, F. F. Rivera Milan, J. Smallwood,
and an anonymous reviewer for comments on the paper; A. Gordon for help with finding

study areas and identifying winter calls; and C. Coody for finding study areas. Numerous
central Texas landowners kindly granted KJG permission to work on their property. Funding
was provided by the Baylor University Research Committee.

LITERATURE CITED

Anderson, B. W., R. D. Ohmart, and J. Rice. 1981. Seasonal changes in avian densities

and diversities. Pp. 262-264 in Estimating numbers of terrestrial birds (C. J. Ralph and

J. M. Scott, eds.). Stud. Avian Biol. 6.

Blondel, J., C. Ferry, and B. Frochot. 1981. Point counts with unlimited distance. Pp.

414-420 in Estimating numbers of terrestrial birds (C. J. Ralph and J. M. Scott, eds.).

Stud. Avian Biol. 6.

Burley, N. 1981. Mate choice by multiple criteria in a monogamous species. Am. Nat.

1 17:515-528.

. 1985a. Leg-band color and mortality patterns in captive breeding populations of

Zebra Finches. Auk 102:647-651.

. 1985b. The organization of behavior and the evolution of sexually selected traits.

Omith. Monogr. 37:22^4.

. 1986a. Comparison of the band-colour preferences of two species of estrildid

finches. Anim. Behav. 34:1732-1741.

. 1986b. Sexual selection for aesthetic traits in species with biparental care. Am.
Nat. 127:415^45.

, G. Krantzberg, and P. Radman. 1982. Influence of colour-banding on the

conspecific preferences of Zebra Finches. Anim. Behav. 30:444—455.

CoRRELL, D. S. AND M. C. JoHNSTON. 1 979. Manual of the vascular plants of Texas. Univ.

of Texas at Dallas, Richardson, Texas.

Dawson, D. G. 1981. Counting birds for a relative measure (index) of density. Pp. 12-

16 in Estimating numbers of terrestrial birds (C. J. Ralph and J. M. Scott, eds.). Stud.

Avian Biol. 6.

Dixon, W. J. (Chief ed.). 1988. BMDP statistical software manual. Univ. of California

Press, Berkeley, California.

Frankel, A. 1. AND T. S. Baskett. 1963. Color marking disrupts pair bonds of captive

Mourning Doves. J. Wildl. Manage. 27:124—127.

Gehlbach, F. R. 1991. The east-west transition zone of terrestrial vertebrates in central

Texas: a biogeograph ical analysis. Texas J. Sci. 43:415-427.

Goforth, W. R. and T. S. Baskett. 1965. Effects of experimental color marking on

pairing of captive Mourning Doves. J. Wildl. Manage. 29:543-553.

Gutzwiller, K. J. 1991. Estimating winter species richness with unlimited-distance point

counts. Auk 108:853-862.

1993. Refining the use of point counts for winter studies of individual species.

Wilson Bull. 105:612-627.



636 THE WILSON BULLETIN • Vol. 105, No. 4, December 1993

Hess, E. H. 1956. Natural preferences ofchicks and ducklings for objects ofdifferent colors.

Psychol. Reports 2:477-483.

Hosmer, D. W., Jr. and S. Lemeshow. 1989. Applied logistic regression. John Wiley and

Sons, New York, New York.

Hutto, R. L., S. M. Pletschet, and P. Hendricks. 1986. A fixed-radius point count

method for nonbreeding and breeding season use. Auk 103:593-602.

Johnson, K., R. Dalton, and N. Burley. 1993. Preferences of female American Gold-

finches for natural and artificial male traits. Behav. Ecol. 4:138-143.

Rear, J. 1964. Colour preference in young Anatidae. Ibis 106:361-369.

Lensink, C. J. 1968. Neckbands as an inhibitor of reproduction in Black Brant. J. Wildl.

Manage. 32:418^20.

Lipcius, R. N., C. A. Coyne, B. A. Fairbanks, D. H. Hammond, P. J. Mohan, D. J. Nixon,

J. J. Staskiewicz, and F. H. Heppner. 1980. Avoidance response of Mallards to

colored and black water. J. Wildl. Manage. 44:51 1-518.

Metz, K. J. and P. J. Weatherhead. 1991. Color bands function as secondary sexual

traits in male Red-winged Blackbirds. Behav. Ecol. Sociobiol. 28:23-27.

Mundinger, P. C. 1972. Annual testicular cycle and bill color change in the eastern

American Goldfinch. Auk 89:403^19.

Neter, j. and W. Wasserman. 1974. Applied linear statistical models. Richard D. Irwin,

Homewood, Illinois.

Noble, G. K. 1 936. Courtship and sexual selection of the Flicker {Colaptes auratus luteus).

Auk 53:269-282.

Oppenheim, R. W. 1 968. Color preferences in the pecking response ofnewly hatched ducks

{Anas platyrhynchos). J. Comp. Physiol. Psychol. Monogr. Suppl. 66:1-17.

Riskind, D. H. and D. D. Diamond. 1988. An introduction to environments and vege-

tation. Pp. 1-1 5 in Edwards Plateau vegetation: plant ecological studies in central Texas

(B. B. Amos and F. R. Gehlbach, eds.). Baylor Univ. Press, Waco, Texas.

Robbins, C. S. 1972. An appraisal of the winter bird-population study technique. Am.
Birds 26:688-692.

. 1981a. Effect of time of day on bird activity. Pp. 275-286 in Estimating numbers

of terrestrial birds (C. J. Ralph and J. M. Scott, eds.). Stud. Avian Biol. 6.

. 1981b. Bird activity levels related to weather. Pp. 301-310 in Estimating numbers
of terrestrial birds (C. J. Ralph and J. M. Scott, eds.). Stud. Avian Biol. 6.

Rohwer, S. 1 985. Dyed birds achieve higher social status than controls in Harris’ Sparrows.

Anim. Behav. 33:1325-1331.

Rollfinke, B. F. and R. H. Yahner. 1990. Effects of time of day and season on winter

bird counts. Condor 92:215-219.

SAS Institute, Inc. 1985a. SAS user’s guide: basics. Version 5 edition. SAS Institute,

Inc., Cary, North Carolina.

. 1985b. SAS user’s guide: statistics. Version 5 edition. SAS Institute, Inc., Cary,

North Carolina.

Smith, S. M. 1975. Innate recognition of coral snake pattern by a possible avian predator.

Science 187:759-760.

Weatherhead, P. J., D. J. Hoysak, K. J. Metz, and C. G. Eckert. 1991. A retrospective

analysis of red-band effects on Red-winged Blackbirds. Condor 93:1013-1016.

Wilson, R. P., H. J. Spairani, N. R. Coria, B. M. Culik, and D. Adelung. 1 990. Packages

for attachment to seabirds: what color do Adelie Penguins dislike least? J. Wildl. Manage.
54:447^51.

Zar, j. H. 1984. Biostatistical analysis, second ed. Prentice-Hall, Englewood Cliffs, New
Jersey.



mison Bull., 105(4), 1993, pp. 637-644

DEVELOPMENT OF SONG IN HAND-REARED
BLACK-CAPPED CHICKADEES

S. A. Shackxeton' and L. Ratcliffe^

Abstract.— Black-capped Chickadees (Farus atricapillus) sing a iwo-note tonal song that

has stereotyped frequency parameters (glissando and frequency interval). We hand-reared

and tutored pairs of nestlings in acoustic isolation to determine the extent that learning is

involved in the production of these parameters. Each pair of birds was tutored with a high

frequency fee-bee song, a low frequency fee-bee song, or a low frequency fee only. Song
gradually developed from a warbling subsong to sustained, whistled notes. Individuals did

not match the absolute frequency of their tutor songs and sang over as wide a range of

frequencies as adult males do in the wild. Five of the 10 males incorporated some normal

frequency parameters of the tutor songs into their own songs. None of the birds tutored

with only /cc sang with a normal frequency interval, even though they did sing songs with

more than one note. Males tutored with each of the other two songs did learn to sing with

the correct interval. Our results suggest that the structure of Black-capped Chickadee song

is open to environmental influences and that chickadees may learn the relative frequency

parameters of their song. Received 31 July 1992, accepted 1 April 1993.

Adult Black-capped Chickadee {Pams atricapillus) song is stereotyped,

consisting of two pure tonal notes, onomatopoeically termed fee-bee (Fi-

cken et al. 1978). Frequency descends within the first note (glissando),

and there is a drop in frequency between the two notes (frequency interval).

Both the glissando and the frequency interval (described as frequency

ratios) exhibit very little variation among and within birds in the wild

(Weisman et al. 1990). Although chickadees may shift their songs over a

wide range of absolute frequencies (Horn et al. 1992), these relative fre-

quency parameters remain remarkably stable (Weisman et al. 1990). These

parameters also seem to be important for song recognition in this species

(Weisman and Ratcliffe 1989, Shackleton et al. 1992).

There is some evidence that learning is involved in the development

of the fee-bee song. Juvenile Black-capped Chickadees begin producing

song during their first summer, before family flocks disperse. Often, these

songs are incomplete (Ficken et al. 1978) or hoarse and imperfect (Odum

1942). Juveniles in the wild sometimes produce song where the relative

frequency measures described above (glissando and frequency interval)

deviate considerably from those of adult males. Often, there is no change

in frequency between the notes (i.e., interval = 1.0) or the change in

frequency is much larger than normal (Ratcliffe and Shackleton, pers.

obs.). Nestlings reared in the absence of tutors have not been observed

' Dept, of Psychology, Johns Hopkins Univ., Baltimore, Maryland 21218.

^ Dept, of Biology, Queen’s Univ., Kingston, Ontario, Canada, K7L 3N6.
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to sing normal fee-bee songs. These birds produce tonal sounds, but not

the stereotyped song heard in the wild. Moreover, birds reared in isolation

from both tutors and conspecifics do not produce any tonal sounds (Now-
icki, pers. comm.).

Our purpose in this study was to determine the extent that learning is

involved in the development of the relative and absolute frequency fea-

tures of Black-capped Chickadee song. Specifically, we wanted to test

whether birds learn the relative frequency parameters (glissando and fre-

quency interval) of their songs, as well as whether they learn to sing at

many different absolute frequencies or have the innate ability to shift the

song up and down in frequency.

METHODS

We removed 21 Black-capped Chickadee nestlings from three nests at the Queen’s Univ.

Biological Station, Chaffey’s Locks, Ontario on 8 June 1990 at 10 to 12 days after hatching

(Environment Canada Permit EC06 1 9). The day of removal is termed day 0, with respect

to all other procedures reported here (normal fledging age is 16 days). The nestlings were

grouped by clutch and reared following procedures and diet adapted from Lanyon (1979).

We determined the sex of the birds after the experiment by laparotomy, and only vocaliza-

tions from males were analyzed.

By day 21 (i.e., birds aged 31-33 days), 18 birds had survived and were feeding inde-

pendently. We then weaned them onto an adult food mix supplemented with tofu. Indi-

viduals were assigned randomly to nine groups such that no pair consisted of two birds from

the same clutch. In forming these groups, however, we placed larger birds with smaller birds

in an attempt to maximize male-female pairings. For the remainder of the experiment, each

pair was isolated from all other birds in acoustic chambers. Sound suppression in these

chambers was greater than 40 dB over the range of 2 to 12 kHz (see Ratclifle and Weisman
1987).

We exposed the birds to a long day photoperiod (15L:9D) from day 0 until day 98.

Daylength was then gradually reduced to, and maintained at, 8L:16D until day 189, then

gradually increased to 15L:9D by day 214 to simulate winter and spring changes in pho-

toperiod. Each of the nine pairs of birds was randomly assigned without replacement to one

of three different training songs, i.e. three pairs of birds were trained with each song. The

tutor songs were synthesized on a computer using the MITSYN sound synthesis package

(Bregman 1982). The relative frequency parameters ofthe tutor songs were set at the species’

mean values (see Weisman et al. 1990). The songs were 8-bit digitized and stored in the

RAM ofa Macintosh computer. We programmed a basic computer board to both command
the Macintosh computer to play the tutor songs and to operate electronic switches to send

these songs to the appropriate chambers. Songs were played through a Realistic Minimus-7

speaker placed in the comer of each chamber at approximately 55 dB (at 1 m; 0.0002 dynes/

cm^. Realistic sound level meter).

Training was carried out from day 21 to day 107 (29 June-23 September), since wild

adult males sing during this period. Each morning, tutor songs were played for 60 min. at

a rate of 8 songs/min. as soon as the chamber lights came on. Throughout the rest of the

light period, there was a 25% chance every 30 min. that 5 to 25 songs would be played. We
designed this training protocol to simulate the dawn choms and sporadic singing throughout

the day that young birds would be exposed to in the wild.

Three pairs of birds were tutored with a complete fee-bee song at a high frequency (group
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A; bee = 3.30 kHz); another three pairs were tutored with a song of low frequency (group
B; bee = 2.84 kHz). Both ol these songs are within the typical frequency range in the wild,

one in the upper 25th percentile and the other in the lower 25th percentile (Horn et al.

1992). The final three pairs of birds (group C) were tutored with song consisting only of the

first note {fee) of song B. We tutored each bird with only one of these songs. Birds were
kept in pairs during training in order to provide some social contact during this phase of

the experiment.

During the training period, we recorded all birds once per week, for about 7 h each. On
day 178, after the training period, we split up the pairs and isolated each bird in its own
acoustic chamber. This was done in case singing was inhibited in the close presence of a

conspecific. We recorded the birds once per week again from day 178 until day 230, that

is, during the simulated spring photoperiod. We made recordings by placing an Audio-

technica Pro 2ax microphone inside the acoustic chamber and recorded vocalizations on a

Uher 4200 report monitor equipped with a Uher Akustomat F 413 voice activation unit.

This method allowed us to record all of the birds’ vocalizations, but not the intervening

periods of silence. We analyzed all recordings and produced sonagrams using a Kay Ele-

metrics DSP Sonagraph (Model 5500). Songs were 16-bit digitized at a rate of 20 kHz, and

we used a transform size of 1024 pts. to measure frequency. Frequencies of the songs were

measured at the midpoint of the last note in the song and were compared to the frequency

at the midpoint of the last note {bee) in their tutor songs.

RESULTS

Ten of the 18 tutored birds were male. Three were trained with song

A, three with song B and four with song C. Only vocalizations from these

males are described here. All of the birds developed normal chickadee

and gargle calls (as described by Ficken et al. 1978; also see Clemmons
and Howitz 1991). Nine of the 10 males sang songs which contained

elements similar to those of their tutor songs; however, only one of these

birds sang a pQviQcX fee-bee. Eight of 10 males were tutored in the presence

of a female. The one bird that did not sing (bird A-3) was from the sole

male-male pair.

Song development.—

T

\\q pattern of song development was similar for

all birds (sonagrams shown in Shackleton 1991). Birds first produced a

warbling subsong that varied in frequency, duration, number of notes,

and note structure both within and among individuals. Gradually, the

warbling notes were sung less often, and more sustained tonal notes were

produced. By day 1 10, the nine birds were singing more consistently.

Although there was still variation in note number and frequency, only a

limited number of note types were produced by each male. By day 178,

songs of these nine birds had crystallized into a limited number of song

types (Fig. 1) that did not change in structure over the remainder of the

experiment. The remaining bird (A-3) did not produce crystallized songs.

Absolute frequency.—

T

\\q birds did not appear to match the absolute

frequency of their tutor song. A series of one sample /-tests showed that

only four of the nine birds (A-1, A-2, B-1, and C-3) sang at frequencies
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Table 1

A Comparison of the Frequency of Birds’ Songs to the Frequency of Their Tutor
Songs Using a Series of One-tailed t-tests^

Bird Mean ± SE CV' Tutor song 1 F

A-1 3433 (± 28) 6.0 3300 0.643 53 0.52

A-2 3341 (± 12) 3.7 3300 0.338 107 0.74

B-1 2896 (± 5) 1.8 2840 1.075 131 0.29

B-2 3462 (± 22) 3.7 2840 4.838 33 0.0001

B-3 3634 (± 4) 1.0 2840 22.753 92 0.0001

C-1 3273 (± 34) 5.8 2840 2.256 31 0.03

C-2 3566 (± 14) 2.9 2840 6.938 54 0.0001

C-3 3738 (± 94) 16.0 2840 1.486 39 0.15

C-4 3736 (± 53) 1 1.3 2840 2.256 65 0,04

“ Frequency values are in Hz.

''CV = SD/mean x 100.

' N = number of songs.

that were not significantly different from that of their tutor songs (Table

1). Moreover, birds tutored with song A (high fee-bee) did not sing at

higher frequencies than those tutored with song B (lowfee-bee\ one-tailed

/-test, t = —0.472, df = 4, P = 0.33). We also compared the ranges of

song frequencies between the hand-reared birds and 10 adult birds from

the same population recorded in the wild (Shackleton 1991). There was

no significant difference between the groups (one-tail /-test, /
= —1.225,

df = 17, P = 0.12). The hand-reared nestlings shifted their songs over as

wide a range of frequencies as do birds in the wild and did not match the

frequency oftheir tutor songs. One bird, however, did match the frequency

of its tutor very closely. This bird (B-1) was also the only bird that learned

to sing a completely normal song (Fig. 1).

Frequency interval.— birds, A-1 (song B) and B-1, learned to sing

with a normal frequency ratio between notes. The frequency interval

between the notes was almost as stereotyped as songs recorded in the wild

(CV = 2.2) and not significantly different from that of the tutor songs

(Table 2). None of the other birds consistently produced songs with fre-

quency intervals close to those of the tutor songs. Five birds produced

notes with no change in frequency between them (i.e., interval = 1.0).

Two birds, C-1 and C-3, produced songs with notes at different frequen-

cies, but neither the magnitude nor the direction of these differences were

consistent.

Glissando.— Four birds (B-1, C-1, C-2 and C-3) consistently produced

glissandos in their songs. A note was defined to contain a glissando if it

had a frequency sweep greater than 60 Hz from start to end. These four
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Table 2

Comparison of Relative Frequency Measures of Trained Birds’ Songs Compared

TO Those of the Tutor Song

One-sample /-test

Bird Mean ± SE CV“ Tutor*’ / N^ p

Interval

A-1 1.187 (± 0.006) 3.3 1.132 1.386 39 0.17

B-1 1.121 (± 0.003) 2.2 1.153 1.299 76 0.20

Glissando

B-1 1.039 (± 0.006) 2.1 1.028 0.535 11 0.60

C-1 1.047 (± 0.003) 1.8 1.051 0.227 31 0.82

C-2 1.047 (± 0.003) 1.3 1.051 0.269 26 0.79

C-3 1.064 (± 0.006) 2.1 1.051 0.566 12 0.58

“ CV = SD/mean x 100.

^ Values are those of the appropriate tutor song.

N = number of songs.

birds’ glissandos were highly stereotyped, and did not differ significantly

from those of the tutor songs (Table 2). It is interesting to note that bird

C-3 produced highly stereotyped glissandos over a wide range of fre-

quencies within the same song (see Fig. 1). That is, it shifted fee notes up

and down in absolute frequency but maintained a consistent glissando

over this range, similar to birds in the wild (Table 2). Birds A-1 and C-4

sometimes produced glissandos in their songs, but neither bird was con-

sistent. None of the other birds produced glissandos in their songs.

DISCUSSION

The purpose of this study was to determine how learning is involved

in the development of absolute and relative frequency parameters of

Black-capped Chickadee song. The fact that only one bird learned to sing

a perfectly normal song limits our ability to draw conclusions from this

study, however, several of the results suggest where learning is important.

Most of the birds sang over as wide a range of absolute frequencies as

wild males do. The birds trained with a low fee-bee did not sing at lower

frequencies than those trained with a high one. This suggests that the

ability to shift songs may develop innately. However, the one bird which

modeled its tutor song almost perfectly (bird B-1) also closely matched

the absolute frequency of its tutor song and did not shift its song. Clearly,

to determine whether frequency shifting is learned or develops innately

will require further experiments.

Five of the 1 0 males learned some of the relative frequency parameters
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of their tutor songs. One bird each in groups A and B learned to sing

normal frequency intervals between notes, whereas none of the birds

tutored with song C sang with a normal interval, even though they pro-

duced songs with more than one note. This suggests that learning may be

involved in the development ofrelative frequency parameters. Chickadees
reared in isolation are reported not to produce norxm\ fee-bee song, Nowi-
cki (pers. comm.) has observed non-tutored birds producing some tonal

sounds. The effects of social stimulation from other juveniles and from
a live tutor versus a recording await further study.

Black-capped Chickadees produce a large repertoire of complex vocal-

izations. Individuals change the structure of their calls, depending upon
the calls of other members of their flock (Lempriere 1990). Similarly,

birds may change the frequency of their songs in response to other singing

males (Shackleton 1991). Kroodsma (pers. comm.) found that Black-

capped Chickadee nestlings readily learn to sing elements of Carolina

Chickadee {P. carolinensis) song. The crystallized songs produced by hand-

reared birds are much more variable than the stereotyped fee-bees heard

in the wild (Fig. 1; Nowicki, pers. comm.). The wide range of complex

vocalizations of this species may necessitate an extensive overlap of learn-

ing and production phases in song development. That is, to be able to

produce highly complex “chick-a-dee” and “gargle” calls, as well as sus-

tained, pure tones, may require extensive practice and may explain why
Black-capped Chickadees sing extensively during their first year of life

and sporadically during the winter as adults (Odum 1942, Ficken et al.

1978). This may explain why only one of our birds learned to sing a

normal song.
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METABOLIC RATE AND EVAPORATIVE WATER
LOSS OF MEXICAN SPOTTED AND GREAT

HORNED OWLS

Joseph L. Ganey*, Russell P. Balda', and Rudy M. King^

Abstract.—We measured rates ofoxygen consumption and evaporative water loss (EWL)
of Mexican Spotted {Strix occidentalis lucida) and Great Horned {Bubo virginianus) owls in

Arizona. Basal metabolic rate averaged 0.84 cc02 g“' h“' for the Spotted Owl and 0.59

CCO 2 •
g“ '

• h~ ‘ for the Great Homed Owl, with apparent thermoneutral zones extending from

1 7.0—25.2°C for the Spotted Owl and 20.3-32.2°C for the Great Horned Owl. EWL increased

exponentially with ambient temperature in both species, but the Great Homed Owl showed

a greater ability to dissipate metabolic heat production at high temperatures than did the

Spotted Owl. Body temperature of Spotted Owls was significantly higher above than below

the upper critical temperature (25.2°C), whereas body temperature of Great Homed Owls

did not differ significantly with ambient temperature. Gular flutter was first observed in

Spotted Owls at 30°C and in Great Homed Owls at 37°C. The lower ability of the Spotted

Owl to dissipate heat via evaporative cooling may partially explain its tendency to use

habitats featuring cool microsites. Received 18 Feb. 1993, accepted 1 June 1993.

The Spotted Owl {Strix occidentalis) is most common in multilayered,

closed-canopy forests throughout much of its range (Gould 1 911

,

Forsman

et al. 1984, Ganey and Baida 1989). Because of reductions in the amount

of such habitat, the Spotted Owl is considered to be in jeopardy in many
areas (Dawson et al. 1987, Thomas et al. 1990, Turner 1993). Under-

standing why Spotted Owls occupy these forests could provide insight

into how to preserve or manage habitat for Spotted Owls. Barrows (1981)

suggested that Spotted Owls are relatively intolerant of high temperatures

and occupy multilayered forests to avoid high daytime temperatures (see

also Gould 1977, Barrows and Barrows 1978, Forsman et al. 1984). Be-

havioral observations support this hypothesis. At ambient temperatures

>2TC, Spotted Owls expose their legs and the pads of their feet, erect

their contour feathers, droop their wings, and fan their rectrices away

from the body (Barrows and Barrows 1978, Barrows 1981). Gular flutter

is initiated at ambient temperatures as low as 29°C (Barrows and Barrows

1978), lower than reported for other owls inhabiting temperate environ-

ments (Ligon 1969).

In this study, we compared the metabolic rate and evaporative water

' Dept, of Biological Sciences, Northern Arizona Univ., Flagstaff, Arizona 8601 1. (Present address JLG:

USDA Forest Service, Rocky Mountain Forest and Range Experiment Station, 2500 S. Pine Knoll Dr.,

Flagstaff, Arizona 86001.)
2 USDA Forest Service, Rocky Mountain Forest and Range Experiment Station, 240 W. Prospect. Fort

Collins, Colorado 80526.
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loss ofMexican Spotted (-S', o. lucida) and Great Homed {Bubo virginianus)

owls from Arizona at different ambient temperatures. Mexican Spotted

Owls typically occupy cool habitats featuring closed-canopy coniferous

and deciduous forests, shaded cliffs, and/or caves (Ganey et al. 1988,

Ganey and Baida 1989). Summer daytime temperatures observed in their

roost areas typically are <25°C (Ganey et al. 1988), although nearby

ambient temperatures may be considerably higher. In contrast. Great

Homed Owls are found from the Sonoran Desert to high-elevation mixed-

conifer forests in Arizona (Phillips et al. 1964) and are thus exposed to

higher temperatures than are Spotted Owls. If thermoregulatory ability is

important in habitat selection by Mexican Spotted Owls, such ability

should differ significantly between Spotted Owls and species that range

more widely.

METHODS

Three Great Homed and four Spotted Owls were used in metabolic tests. Great Homed
Owls were obtained in late March from a rehabilitation center in Phoenix, Arizona, and

housed in Flagstaff (elevation 2135 m) until metabolic rate determinations began. Spotted

Owls were captured within 80 km of Ragstalf at elevations ranging from 2070-2370 m.

Great Homed Owls were tested from late May through late June and Spotted Owls from

July through mid-September. All Spotted Owls were released at the point ofcapture following

completion of metabolic rate determinations.

Owls were housed in individual metal cages (1 m x 1 m x 2 m) supplied with a tree

branch for use as a perch. Cages were located in a secluded outdoor courtyard, and were

surrounded by trees and shmbs so that owls could perch in either sun or shade. Owls were

fed a diet of white laboratory mice and rats, and fresh water was always available in the

cage.

Rates of oxygen consumption (VO 2 ) and evaporative water loss (EWL) were measured

simultaneously during daylight hours, when owls are generally least active (Wijnandts 1 984).

Owls were placed in a 1 3-L metabolic chamber (20 cm in diameter by 4 1 cm high) equipped

with a wooden perch. The chamber, constmcted ofPVC pipe with plexiglass top and bottom

and fitted with airtight connections for plastic tubing, was placed inside a darkened, tem-

perature-controlled incubator (accuracy ±0.2°C). Dry air was drawn through the chamber

and an Applied Electrochemistry S-3A oxygen analyzer. Dry air was obtained by drawing

room air through a plastic tube filled with Drierite. VO2 rates were calculated from the

percent of oxygen removed from the air by the owl and the flow rate (2000 ml min-' in all

tests) corrected to standard temperature and pressure.

Food was removed from an owl’s cage 24 h before tests began, and all owls were assumed

to be postabsorptive. Owls were weighed to the nearest gram immediately before tests began

to allow calculation ofmass-specific metabolic rates. Metabolic measurements were recorded

at two or three temperatures per day. Owls were placed in the chamber between 08:00 and

09:00 h MST and allowed to come to rest (1-1.5 h) before measurements began. VO 2 was

then calculated every 5 min during a temperature trial of > 1 h. A 1-h pause between trials

allowed the owl to equilibrate to a new temperature. The order in which owls were exposed

to temperatures was reversed between owls, to eliminate the potential influence of time in

the chamber or temperature sequence on VO 2 . All temperature changes between subsequent

trials were <5°C.

Because owls were sometimes active in the chamber during metabolic trials, we used the
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lowest steady-state value of VO, to estimate basal metabolism. We assumed that an owl
had reached a steady state when VO, remained constant during four or five complete
turnovers of air within the chamber, approximately 20-25 mins.

Traditional models relating VO, to ambient temperature (T^) contain three segments.
Below a lower critical temperature (LCT), VO 2 decreases linearly with increasing T^. Within
the thermoneutral zone between the LCT and an upper critical temperature (UCT), VO2 is

constant. Above the UCT, VO 2 increases with increasing T^. We used piecewise linear

regression (Neter et al. 1989, pp. 370-373) to estimate the relationship between T^ and VO 2

and to estimate LCT and UCT. This technique is useful where the relationship between the

dependent and independent variables varies in different ranges of the independent variable

(Neter et al. 1989). It allows quantitative definition of “join points” where the relationship

between variables changes (i.e., LCT and UCT) and is thus ideally suited for use with

metabolic data.

We attempted to fit both two-segment models and traditional three-segment models. The
equation used for a two-segment model was:

VO2 = ^ ^ "

\a 2 + b2T, T > c,

where a2 = a, + c(b| — b2 ) to ensure continuity at the join point, c. The equation used for

a three-segment model was:

(

a, + b|T, T < c,

a 2 ,
c, < T < C2

a3 + b3T, C2 < T,

where a2 = a, + c,b| and a 3 = a2 — C2b 3 to ensure continuity at the join points, c, (=LCT)
and C2 (=UCT). We compared model fit using the extra sum of squares approach (Neter et

al. 1989, Section 8.1) and retained the simplest model unless a more complex model ex-

plained significantly more of the variation in VO2 .

EWL was determined by inserting a plastic tube filled with Drierite into the flow line

leaving the metabolic chamber. This tube was weighed to the nearest 0.1 mg before and

after a metabolic test, with the change in weight representing EWL by the animal. We used

exponential regression models (Neter et al. 1989, Section 15.2) to estimate the relationship

between T^ and EWL. Because effectiveness of evaporative cooling varies with relative

humidity (RH), we estimated the RH in the chamber at different temperatures using equation

3 from Lasiewski et al (1966).

Body temperature (T^) was measured using a flexible thermistor probe inserted into the

cloaca and a YSI multichannel telethermometer (accuracy ±0.5°C). To minimize stress to

the owl, body temperatures were recorded only at the conclusion of a day’s testing, and were

therefore not available for all owls at all Tg.

We estimated dry thermal conductance (Cdry; J-g“‘ h ' “C"') using the formula:

= (2O.IVO 2
- 2.45EWL/T, - TJ

where 20. 1 VO 2 = metabolic heat production and 2.45EWL = evaporative heat loss, assum-

ing that 1 mg H 2O = 2.45 J and 1 CCO 2
= 20.1 J (Withers and Williams 1990). We scaled

Cjrj, to surface area following methods in Drent and Stonehouse (1971).

RESULTS

Mass-specific VO 2 was lower at all temperatures in the Great Homed
Owl than in the Spotted Owl (Fig. 1). A three-segment regression model

explained significantly more of the variation in VO2 than a two-segment
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Temperature (°C)

Fig. 1 . Oxygen consumption (observations and regression lines) ofMexican Spotted and

Great Homed owls in Arizona at different ambient temperatures. Regression lines are shown

for both two- and three-segment models.

model for the Great Homed Owl (eomparison between models: F = 4.44,

P = 0.045), but not for the Spotted Owl (F = 1.65, df = 1, 42, P = 0.207

for the best of the three-segment models attempted; Table 1).

Basal metabolic rate (BMR) averaged 0.59 cc02 g“‘ -h^* for the Great

Horned Owl, with the thermoneutral zone extending from 20.3-32.2°C

(Fig. 1). A thermoneutral zone could be defined for the Spotted Owl, but

this model did not explain more of the variation in VO 2 than a two-

segment model (Fig. 1, Table 1). The best fit obtained using a three-

segment model resulted in estimates ofLCT at 1 7.0°C and UCT at 25.2°C.

BMR of Spotted Owls averaged 0.84 cc02 g~‘ h~i within this range of

temperatures.

Rates of EWL increased exponentially with T^ in both species (Fig. 2).
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Table 1

Parameter Estimates (and Standard Errors, Where Available) for Best-fitting
Piecewise Regression Models Relating VO 2 to T^ for Great Horned and

Mexican Spotted Owls

Param-
Great Homed Owl Mexican Spotted Owl

eter Two-segment model Three-segment model Two-segment model Three-segment model

Al 1.1 12 (0.043) 1.1 12 (0.040) 1.499 (0.031) 1.505 (0.035)

Bl -0.026 (0.003) -0.026 (0.003) -0.039 (0.002) -0.039 (0.003)

Cl 21.5 (1.4) 20.3 (1.3) 17.7 (0.6) 17.0 (0.7)

A2 0.425 0.586 0.717 0.840

B2 0.006 (0.003) 0.006 (0.001)

C2 32.2 (2.4) 25.2 (3.5)

A3 0.082 0.649

B3 0.016 (0.007) 0.008 (0.003)

R2 0.820 0.845 0.904 0.907

SE 0.060 0.057 0.046 0.046

* Parameters: A 1 , A2, and A3 = y intercepts for the first, second, and third segments ofthe regression model, respectively.

Bl, B2, and B3 = slopes for the three segments. By definition, B2 = 0 for 3-segment models. Cl and C2 = lower and upper

critical temperatures, respectively. SE (standard error of the estimate) = square root of the residual sum of squares. General

form of the regression equations is: VO 2 = Ax + Bx(Tj), where x = segment number.

Regression equations describing the relationship between EWL and

were: Great Homed Owl, EWL = 0.36 exp(0.065Ta), = 0.88, SE =

0.49 (standard error = square root of residual mean squares); Spotted

Owl, EWL = 1.08 exp(0.043TJ, = 0.89, SE = 0.46. These models

differed significantly between species {F = 60.0, df = 2, 75, F < 0.001).

Mass-specific EWL was higher in the Spotted than in the Great Homed
owl. Maximum values measured (mg H20*g“‘ -h"') were 5.5 for Great

Homed Owls at 40°C and 6.2 for Spotted Owls at 42°C.

The ratio of heat dissipated by evaporative cooling to heat produced

metabolically (EWL/HP) also increased exponentially with T^ (Fig. 3).

Regression equations relating this ratio to Tg were: Great Horned Owl,

EWL/HP = 0.075 exp(0.062Tg), R^ = 0.92, SE = 0.076; Spotted Owl,

EWL/HP = 0.145 exp(0.043Tg), R^ = 0.90, SE = 0.064. Again, the models

differed significantly between species {F = 10.2, df = 2, 75, F < 0.001).

The ratio increased more rapidly in the Great Horned than in the Spotted

owl. At the upper range of test temperatures. Great Horned Owls were

able to dissipate nearly 100% of their metabolic heat, whereas Spotted

Owls dissipated only 75-80% of their metabolic heat through respiratory

evaporation. RH at Tg > 30°C was higher during tests involving Great

Homed Owls (Jc = 7 1 .9 ± 7. 1 %, N = 7) than during tests involving Spotted

Owls (x = 59.4 ± 2.7%, N = 10). Thus, Great Homed Owls were able
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Fig. 2. Evaporative water loss (observations and exponential regression) of Mexican
Spotted and Great Homed owls in Arizona at different ambient temperatures.

to dissipate a higher pereentage of metabolic heat through evaporative

cooling than Spotted Owls despite being exposed to conditions less fa-

vorable for evaporative cooling.

Tb of Great Homed Owls averaged 39.9°C (SE = 0.2, range = 39.0-

41.0°C, N = 16), and did not vary predictably with T^. of Spotted

Owls ranged from 38.5-42°C (x = 39.8 ± 0.2°C, N = 22), and was sig-

nihcantly higher above than below the UCT {x = 40.7 ± 0.2°C, N = 10,

vs 39.1 ± 0.1°C, N = 12; Mann-Whitney f/== 2.5, P = 0.0001). Estimates

of Tb obtained from extrapolating the first segment of the regression

equation to the x axis were: Spotted Owl, 38.4 and 38.6°C, two-and three-

segment models, respectively; Great Horned Owl, 43. TC (both models).

Mass-specific Qry was essentially constant in both species below the
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Temperature (°C)

Fig. 3. Ratio ofheat dissipated through evaporative cooling to metabolic heat production
(observations and exponential regression) in Mexican Spotted and Great Homed owls at

different ambient temperatures.

UCT and increased above the UCT. Average values for C^ry -h^' •

°C“‘) below the UCT were: 0.49 ± 0.01 for Great Homed Owls and 0.59

± 0.01 for Spotted Owls. Values for C^ry scaled to surface area (kj[m2 h-

°C]“') were 4.9 for Great Homed Owls and 4.8 for Spotted Owls.

We were able to note owl behavior only by opening the incubator door

and observing the owl through the clear top of the metabolic chamber at

the end of a trial. At temperatures >30°C, Spotted Owls drooped their

wings as much as possible within the chamber, perched upright to expose

the legs and feet, and erected their contour feathers. Intermittent gular

flutter was observed in one Spotted Owl at 30°C, and rapid gular flutter

was observed in all Spotted Owls by 32.5°C. Gular flutter was not observed
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Table 2

Agreement Between Observed and Predicted Values for Various Physiological

Characteristics of Great Horned and Mexican Spotted Owls in A.rizona^

Great Homed Owl Spotted Owl

Variable Observed Predicted Predicted (%) Observed Predicted Predicted (%)

BMR
(owls) 279.9 271.5 103 231.4 177.5 130

(NPs) 279.9 350.6 80 231.4 232.3 100

Cdry 0.49 0.47 104 0.59 0.63 94

“ Predicted values obtained using equations based on average body mass. Sources: Basal Metabolic Rate (BMR; kj

day') equation for owls from Wijnandts (1984), equation for nonpasserines (NPs) from Kendeigh et al. (1977); Dry

Thermal Conductance (C^^; J g ' h ' “C"') from Herreid and Kessel (1967). Average body mass = 571 g for Spotted

Owls and 1 000 g for Great Homed Owls.

in Great Homed Owls until 37.0°C, and became constant only at higher

temperatures. Great Homed Owls also perched upright and erected the

contour feathers at temperatures >35°C but did not droop their wings.

DISCUSSION

Metabolic parameters may vary with taxonomic affinity (Kendeigh et

al. 1977). Owls have lower mass-specific metabolic rates than nonpas-

serine birds, which have lower rates than passerines (Kendeigh et al. 1977,

Wijnandts 1984). Mass-specific BMR of Great Homed Owls in this study

fell between values predicted for owls and other nonpasserines (Table 2),

was comparable to BMR reported for Great Homed Owls in Missouri

(290.4 kj day“^ Kasparie 1983), and was intermediate between values

reported by Pakpahan et al. (1989) for male (335.5 kj day“‘) and female

(262.7 kj day~‘) Great Homed Owls in Michigan. Mass-specific BMR of

Spotted Owls was 30% higher than predicted values for owls and roughly

equal to values predicted for nonpasserines (Table 2). Mass-independent

metabolism (cc02 h“‘ Bucher 1986) was 5.9 for the Great Homed
Owl and 6.8 for the Spotted Owl.

There are several possible reasons for the observed differences in me-
tabolism between these species. Restlessness during metabolic trials could

cause inffated estimates of BMR. Unless Spotted Owls were consistently

more restless than Great Homed Owls, however, restlessness does not

explain the higher BMR observed in the Spotted Owl. After data screening

(see Methods), variability in VO 2 among birds at a given temperature did

not appear to differ greatly between species (Fig. 1), and variability within

trials was virtually identical for both species (average standard deviation

ofmeasurements ofVO2 within a trial: Spotted Owl = 0.59, Great Homed
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Owl = 0.61). Thus, we have no evidence that the observed difference

between species was caused by differences in activity levels.

Another potential explanation for the observed BMR relates to the

timing of this study. Weathers and Caccamise (1978) noted that BMR of
birds >200 g is higher in summer than in winter. Coulombe (1970)
reported that BMR of the Burrowing Owl {Speotyto cunicularia) was 29%
higher during summer than during winter, although Wijnandts ( 1 984) did

not find significant seasonal differences in BMR of Long-eared Owls {Asio

otus). Only two of the 16 data sets from the literature used by Wijnandts

(1984) to develop the predictive equation for owls represented studies

conducted during the summer (seven winter studies and seven unknown;
Wijnandts [1984], Table 17), and both Kasparie (1983) and Pakpahan
(1989) measured BMR during the winter or spring period. Thus, little of

the data available for comparison was collected during the summer months,

and predicted values may not accurately reflect summer BMR.
All Spotted Owls tested were molting heavily during the testing period.

We conducted most metabolic trials with Spotted Owls during July and

August, when Forsman (1981) reported peak rates of molt. BMR of Long-

eared Owls increased 1 8% during periods ofheavy molt (Wijnandts 1 984).

Assuming that BMR of Spotted Owls observed here was 18% higher than

normal brings BMR closer to predicted values. Great Homed Owls were

also molting during the testing period, however. IfBMR of Great Homed
Owls is also higher during molt, then BMR of these owls may fall well

below predicted values at other times.

Despite these complicating factors, the data presented here should allow

valid comparisons between species, because both species were tested using

the same equipment and methodology and during the same season.

Mass-specific EWL was higher for the Spotted Owl than for the Great

Horned Owl at all temperatures. At low temperatures, the ratio of EWL
to metabolic heat production (Fig. 3) was also higher in the Spotted Owl

than in the Great Homed Owl. By 40°C this trend was reversed, suggesting

that the Great Horned Owl has a greater capacity to dissipate metabolic

heat via evaporative cooling than does the Spotted Owl.

The slight but significant elevation of Tb in Spotted Owls at T3 >25°C

suggests that EWL may not have been sufficient to dissipate metabolic

heat at these temperatures. Thus, the upper range of test temperatures

may have approached the upper limits at which the Spotted Owl is able

to maintain constant T^. Because the death ofa Spotted Owl during testing

was considered politically unacceptable, we did not attempt to determine

the upper limit of temperature tolerance for this owl.

Mass-specific C^ry was higher in the Spotted Owl than in the Great
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Horned Owl (Table 2). was 4% higher than predicted in the Great

Horned Owl, however, and 6% less than predicted in the Spotted Owl.

Cdry was virtually identical between species when computed on the basis

of surface area, suggesting that passive heat transfer is roughly equivalent

in these owls.

This study did not measure several factors that may affect thermoreg-

ulation in Spotted Owls in the wild. Barrows (1981) reported that owls

reduced gular flutter during or following windy periods, presumably be-

cause of convective cooling (Hayes and Gessaman 1980). Because owls

in the metabolic chamber were not exposed to cooling winds, they were

unable to dissipate heat in this fashion.

The size of the metabolic chamber also limited the owl’s ability to

droop the wings away from the body and fan the rectrices, activities

commonly observed in wild birds during hot weather (Barrows and Bar-

rows 1978, Barrows 1981). This constraint would also limit the owl’s

ability to dissipate heat, particularly in conjunction with lack of exposure

to cooling wind gusts. Thus, several potential avenues of passive heat loss

were denied the owls during this study.

At least one important avenue of heat gain was also omitted from the

study. Barrows (1981) noted that owls in sunlight showed more signs of

distress on hot days than owls in shade, presumably because of solar

radiation (Hayes and Gessaman 1980). Thus, the data presented here do
not address the full range of factors influencing thermoregulation in Spot-

ted Owls.

In general, this study supports field observations suggesting that Spotted

Owls become uncomfortable at ambient temperatures >21°C (Barrows

and Barrows 1978, Barrows 1981). It also supports the hypothesis that

thermoregulation is better developed in the Great Homed than in the

Spotted owl. The higher metabolic rate of Spotted Owls results in greater

heat production. Reduced powers of evaporative cooling make it more
difficult for the Spotted Owl to dissipate this metabolic heat. These phys-

iological differences may partially explain the differences in habitat se-

lection between these owls, particularly the tendency for Spotted Owls to

use habitats featuring cool microsites.
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ORGAN GROWTH AND OXYGEN CONSUMPTION IN
LAYSAN ALBATROSS EMBRYOS

Q. Zhang' and G. C. Whittow'

Abstract.— Embryonic oxygen consumption and organ growth were measured in the

Laysan Albatross {Diomedea immutabilis). The logarithms ofoxygen consumption and organ

mass increased linearly with the logarithm of whole-embryo wet mass. The rate of growth

of skeletal muscle and the gastro-intestinal tract exceeded that of the embryo as a whole,

while the heart, lungs, brain, and eyes grew more slowly. The absence of a discernible effect

of pipping of the egg on oxygen consumption and organ growth in the embryonic albatross,

in contrast to a previous report for the Wedge-tailed Shearwater {Puffinus pacificus), was

attributed to a different sequence of events during pipping in the two species. Received 6

July 1992, accepted 15 April 1993.

In a previous paper Zhang and Whittow (1992) reported on embryonic

oxygen consumption and organ growth in the Wedge-tailed Shearwater

{Puffinus pacificus), a tropical, procellariiform seabird. Substantial differ-

ences in growth rates between different organs were observed in unpipped

eggs, and further differences occurred after the eggs had pipped. This was

the first study of embryonic organ growth in a procellariiform bird. In

order to determine if the pattern of growth observed in the shearwater is

characteristic of Procellariiformes in general, similar data were collected

from the Laysan Albatross {Diomedea immutabilis). These data form the

basis of the present report. The Laysan Albatross was chosen for inves-

tigation because the sequence of events during pipping of its egg differs

from that in the Wedge-tailed Shearwater (Pettit et al. 1982).

MATERIALS AND METHODS

Laysan Albatross eggs were collected by U.S. Dept, of Agriculture (Animal Damage

Control) personnel from various sites in the main Hawaiian islands. The eggs were trans-

ported in insulated containers and, in some instances, were incubated at 36°C while awaiting

shipment to the laboratory. In the laboratory, the eggs were incubated at 36°C and 60%

relative humidity in a commercial, forced-draft, incubator (GQF, model 1202) and turned

at least twice daily. Data were collected from unpipped eggs, internally-pipped eggs, exter-

nally-pipped eggs with star-fractured shells, and eggs with pip holes (Pettit et al. 1982).

The oxygen consumption (Vo^) of eggs of different estimated ages was measured in a

modified Scholander respirometer (Ackerman et al. 1980). The chamber containing the egg

was immersed in a water bath at 36°C and the chamber was ventilated with air for 60 min

before measurements began. The oxygen consumption was measured over a 60-min period

by introducing measured volumes of oxygen into the chamber to bring the meniscus of the

manometer between the egg chamber and its compensating chamber back to zero. Carbon

' Dept. Physiology, John A. Bums School of Medicine, Univ. Hawaii, Honolulu, Hawaii 96822.
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dioxide produced by the embryo was absorbed by Ascarite placed at the bottom of the

chamber. All values of oxygen consumption were corrected to STPD.

After the oxygen consumption had been determined, the egg was opened and the embryo

carefully separated from the yolk sac. The yolk-free wet mass of the embryo was determined

on a Mettler balance (model H6) to the nearest 0.1 mg. The following linear dimensions of

the embryo were then measured with a dial caliper: (1) whole embryo length— top of the

head to the tip of the tail, (2) culmen length— tip of the beak to the beginning of the nasal

skin on the upper mandible, (3) wing length— tip of the wing to the shoulder joint, with the

wing extended, (4) teg length— tip of the middle toe to the head of the femur, (5) toe length—

tip of the nail to the proximal fold in the webbing between the middle and lateral toe, and

(6) neck length— from the lower mandible to the thirteenth cervical vertebra.

The embryo was then carefully dissected, and the following organs and tissues were

weighed, wet, on the Mettler balance: (1) leg muscles— muscles from both legs, (2) pectoral

muscles— muscles from both sides, (3) heart, (4) liver, (5) stomach, (6) intestine, (7) lungs,

(8) brain, and (9) eyes.

As the age of the embryos was not known exactly, whereas the embryonic mass could

be measured precisely, all measured data were related to embryo mass. However, a good

estimate of the embryonic age can be derived, if needed, from previously published data

(Pettit et al. 1982).

The basic statistical procedure used was to plot the logarithm of the Vq, or organ mass

against the logarithm of the body mass and to compute a linear regression line, together

with 95% confidence limits.

RESULTS

Oxygen consumption. —ThQ data for oxygen consumption (V02 ;
Fig. I)

reveal that the logarithm of oxygen consumption of the embryo increased

linearly with log body mass (r = 0.917).

Organ mass.—Heart, lungs, and brain.— T\\q mass of the heart, lungs

and brain increased linearly with the increase in the mass of the whole

embryo on a log-log scale (Fig. 2). The slopes of the relationships were

all less than 1 (Table 1). Eyeballs.—Tht relationship between log eyeball

mass and log embryo mass also yielded a slope that was less than one
(Fig. 2, Table 1). Leg and pectoral muscles.— In contrast to the heart,

lungs, brain, and eyeballs, the slope of the relationships between the log

of the leg and pectoral muscles and log embryo mass exceeded unity (Fig.

2, Table 1). Stomach, intestine, and liver.—Tht stomach, liver and in-

testine all increased linearly with embryo mass (Fig. 3) on a log-log plot,

and the slopes of the relationships exceeded unity (Table 1). Linear di-

mensions. —Although the overall length of the embryo increased linearly

with body mass on a log-log plot (Fig. 4), there was a trend, particularly

evident in neck and wing length, for the length of body parts to increase

little after pipping.

DISCUSSION

Embryonic oxygen consumption and organ mass of the Laysan Alba-

tross increased linearly with whole-embryo mass on a log-log plot. There
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Log Embryonic Mass (g)

Fig. 1 . Oxygen consumption (Vq,) of Albatross embryos of known body mass. The solid

line is the fitted linear regression of log on log embryo mass. The dashed lines define

the 95% confidence limits. Intercept and slope of the regression line are 1.616 and 0.694,

respectively.

was no discernible effect of pipping (except, possibly, in the linear di-

mensions which tended to increase little in pipped eggs. Fig. 4). There

were, however, differences in the slopes of the relationships for different

organs (Fig. 5). The steepest slope was for the leg muscles while the log

relationship between the eyeball mass and whole-embryo mass had the

lowest slope (Fig. 5). The slopes of the regressions of muscle and the

gastro-intestinal tract exceeded unity, indicating that those tissues were

growing faster than the embryo as a whole. The heart, lungs, brain, and

eyeballs, on the other hand, were growing more slowly.

It is difficult to compare the results of the present investigation with

those reported earlier for the Wedge-tailed Shearwater (Zhang and Whit-

tow 1992), because the data are presented differently in the two studies.

However, a striking feature of the relationships in the shearwater, re-

gardless of the way in which the data are analysed, is the acceleration of
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Fig. 2. Organ wet mass as a function of wet whole-embryo mass in the Laysan albatross.

A linear regression line is fitted to the log. log. data. Notations as in Fig. 1 . Intercepts, slopes,

and correlation coefficients are given in Table 1.
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Table 1

Intercepts, Slopes and Correlation Coefficients for the Linear Regression of Log
Organ Mass on Log Embryo Mass for Laysan Albatross Embryos

Organ Intercept Slope r'

Brain -1.099 0.752 0.991

Heart -1.983 0.828 0.976

Lungs -1.809 0.863 0.947

Eyeballs -0.818 0.722 0.939

Leg muscles -1.922 1.246 0.993

Pectoral muscles -2.368 1.221 0.976

Intestine -2.153 1.116 0.971

Liver -1.992 1.069 0.981

Stomach -1.91

1

1.242 0.984

^ Correlation coefficient.

oxygen consumption in pipped eggs. The increased oxygen consumption

was associated with an increased slope of the mass of the intestine on

whole-embryo mass. Neither of these phenomena was apparent in the

albatross data. The most likely explanation for these differences between

the two species would appear to be the different sequence of events during

pipping in the shearwater and albatross. In the shearwater, the initial

event during pipping was a series of star-fractures of the shell (external

pipping), which results in an increase in the gas conductance of the shell

(Pettit and Whittow 1 983) and an increase in the partial pressure ofoxygen

(P02) in the aircell gas (Pettit and Whittow 1982) allowing the embryo to

increase its oxygen consumption. In the Laysan Albatross, the initial event

was internal pipping in which the embryo penetrates the aircell of the egg

with its beak (Pettit et al. 1982), leaving the gas conductance of the shell

unchanged. Internal pipping permits ventilation of the lungs with aircell

gas, leading to a substantial reduction in the P02 and a rise in the carbon

dioxide (PCO 2 )
aircell gas (Pettit et al. 1982). Thus, an accelerated

increase in embryonic oxygen consumption in the Laysan Albatross in

the early stage ofpipping could be achieved only at the expense ofexposure

of the embryo to hypoxia and hypercapnia. This may be an explanation

for the absence of such an increase in the albatross. It is more difficult to

ascribe the intestinal growth in pipped shearwater eggs except to state that

intestinal growth and oxygen consumption are related. It might have been

expected that the relatively early development of pulmonary function in

the albatross would be associated with a high rate of growth of the lungs

before pipping, but such was not the case. It is possible that increased

lung maturation rather than accelerated growth occurs during this period.
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Log Embryonic Mass (g)

Fig. 3. Wet mass of the stomach, intestine and liver as a function of wet whole-embryo
mass in the Laysan Albatross. Notations as in Fig. 2.
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Embryo lengths in relation to wet embryo mass. Notations as in Fig. 1.
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Log Embryo Mass (g)

Fig. 5. Linear regression lines and confidence limits of organ mass on embryo mass.

The results of the present investigation correlate well with those of a

parallel study (Tazawa and Whittow, unpubl. data) in which embryonic

heart rate and oxygen pulse were measured in the Laysan Albatross and

Wedge-tailed Shearwater. In that study, heart rate and oxygen pulse ac-

celerated during pipping in the shearwater but not in the albatross. In the

shearwater, but not in the albatross, cardiac mass increased faster than

that of the embryo as a whole. Consequently, by the time that pipping

occurred, the heart was relatively larger in the shearwater than in the

albatross.

In conclusion, it would seem that there is not a procellariiform pattern

of embryonic organ growth and oxygen consumption but that these pa-

rameters, like the sequence ofevents during pipping, vary among different

species.
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EFFECTS OF WEATHER AND HELPERS ON SURVIVAL
OF NESTLING RED-COCKADED WOODPECKERS

Joseph C. Neal^ Douglas A. James^, Warren G. Montague^, and
James E. Johnson'^

Abstract.— Non-breeding adult Red-cockaded Woodpeckers {Picoides borealis), termed

helpers, participate in many aspects of the nesting cycle, including feeding nestlings. Typi-

cally, groups that include helpers exhibit a higher nesting success and fledge more young

than groups lacking helpers. We studied Red-cockaded Woodpeckers in the Ouachita Na-

tional Forest in Arkansas in 1991 and 1 992. In 1 992, at the peak of the woodpecker nestling

stage, eight of 10 unexpected deaths of nestlings older than six days posthatch occurred

during 1 5 consecutive days of abnormally low temperatures (as low as 9°C) and elevated

rainfall that reduced potential adult woodpecker foraging time by 26%. Altogether, during

the abnormal weather of 1992, eight of nine nestlings survived in groups with helpers,

whereas only seven of 14 survived in groups lacking helpers. In both years, woodpecker

groups with helpers suffered fewer losses and fledged more young per nesting attempt {P =

<0.001). Received 21 Dec. 1992, accepted 1 May 1993.

Insufficient food contributes to avian mortality during abnormal weath-

er (Gessaman and Worthen 1982). Insectivorous birds especially are vul-

nerable to fluctuations of food supplies because departures from climatic

norms can alter insect activities (Wigglesworth 1972, Bursell 1974), mak-
ing insects unavailable to birds (Hays 1969, Zumeta and Holmes 1978,

Smith 1982). We examined mortality among nestling Red-cockaded

Woodpeckers {Picoides borealis) during a period of cool, rainy weather

in 1992. Weather-mediated events apparently depressed insect activity

and reduced foraging opportunities for adult woodpeckers. Presence of

helpers in this cooperatively breeding species was associated with im-

proved nestling survival.

STUDY AREA AND METHODS

In 1991 and 1992, 15 clusters of cavity trees of Red-cockaded Woodpeckers were mon-
itored in the Ouachita National Forest (Ouachita NF) of west-central Arkansas. The cavity

trees were mature shortleaf pines (Pinus echinata) occurring in older second growth stands

that also included hardwoods, especially oaks (Quercus spp.). Most stands had open un-

' Arkansas Cooperative Fish and Wildlife Research Unit, Univ. of Arkansas, Fayetteville,

Arkansas 72701. (Present address: Ouachita National Forest, P.O. Box 2255, Waldron,

Arkansas 72958)

2 Dept, of Biological Sciences, Univ. of Arkansas, Fayetteville, Arkansas 72701.

3 Ouachita National Forest, P.O. Box 2255, Waldron, Arkansas 72958.

^ U.S. Fish and Wildlife Service, Arkansas Cooperative Fish and Wildlife Research Unit,

Univ. of Arkansas, Fayetteville, Arkansas 72701.
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derstories and midstories as a result ot U.S. Forest Service management practices, including
prescribed burning and reduction of pine and hardwood midstories.

All nest cavity trees of Red-cockaded Woodpeckers were climbed and cavities inspected
with a light and mirror 1-2 times each week during the nesting season. Nests were monitored
from 23 April to 24 July 1991 and from 12 April to 24 July 1992. Prior to the nesting

season, roost cavities were monitored to determine the composition of each woodpecker
group. In addition to the male-female pair, three groups contained 1-2 additional adults

that also roosted in the cluster. These birds were presumedly helpers (sensu Ligon 1970).

Frequent checking of nests with eggs allowed us to determine probable laying dates. Based
upon an average of 10-11 days for incubation (Ligon 1970), backdating allowed determi-

nation of probable date when the initial 1-2 eggs were laid. Nests were inspected within 1-

3 days after expected hatching. Optimal banding time is within days 5-9, prior to the time

when young birds open their eyes. Nooses were used to remove nestlings from cavities

(Jackson 1982), and each nestling was banded with a metal band from the U.S. Fish and
Wildlife Service. All adult woodpeckers had been banded prior to the nesting season with

combinations of metal and colored plastic bands to allow field identification of individual

birds. When dead or missing nestlings were discovered, an estimated date of death was

calculated by starting with the number of days that had elapsed from the last cavity check

and assigning the midpoint as the date of death or disappearance. An expected fledging date

was also calculated. It was assumed that the birds had fledged if older nestlings were still

present in the nest cavity 1-2 days prior to the expected fledging date.

The primary source of weather data for west-central Arkansas was the National Weather

Service at Fort Smith, Arkansas, approximately 60 km north of our study area. Monthly

summaries of the local climatological data (May and June), including preliminary local

climatological data (NOAA 1992), were consulted. We also examined local weather data

from Waldron, Arkansas, located approximately 1 5 km from our study areas (NOAA 1992).

RESULTS

In 1991 and 1992, all nesting attempts (N = 27) of Red-cockaded

Woodpeckers in the Ouachita NF were monitored. After the initial brood

reduction that is typical of this species (Ligon 1970, Lennartz et al. 1987),

47 nestlings approximately six days or older remained in 21 nests (mean

initial brood size was 2.24 nestlings). Overall, out of the 47 nestlings that

survived initial brood reduction in the Ouachita NF, 31 fledged (66%).

Eighteen of the 27 nesting attempts (67%) were successful in fledging at

least one young.

In 1 99 1 ,
75% ( 1 8 out of 24) of the older (over six days in age) nestlings

in the Ouachita NF survived, compared to 56% (13 of 23) in 1992. The

overall difference in survival was associated with presence or absence of

helpers in the woodpecker groups (Table 1).

In the Ouachita NF in 1992, a disproportionate number (eight of 10)

of late losses of nestlings occurred during 15 consecutive days of abnor-

mally low temperatures (Fig. 1) and a high frequency of rain showers (Fig.

2). Temperatures in 1992 remained below 30-year average daily temper-

atures (and below 1991 temperatures) continuously from 24 May to 7

June (NOAA 1991, 1992), a period that coincided with the peak abun-
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Table 1

Effect of Helpers on Numbers of Fledgling Red-cockaded Woodpeckers per

Nesting Attempt, Ouachita National Forest, Arkansas, 1991 and 1992

Number of fledglings per nest

0 i 2 3

Nests without helpers (21)“ 9 8 4 0

Nests with helpers (6)“ 0 0 3 3

‘‘ Numbers of nesting attempts included in analysis.

dance of nestling Red-cockaded Woodpeckers (Fig. 1). Average daily tem-

perature (average of low-high temperatures for the day) ranged from 1 1.7

to 21.7°C, with the lowest reading on 28 May, when the temperature

dipped to 1 1.1°C below the 30-year average daily temperature. Temper-
atures ranged from 5 to 11.1°C (x = 1A°C) below the 30 year average

from 25 to 30 May, with a low temperature of 8.9°C on 30 May.
Precipitation data from Fort Smith, Arkansas, showed that rain or traces

1 2 30

3-9 M 10-16 M 17-23 M 24-31 M 1-7 J 8-16 J 17-20 J 21-27 J

3 May (M) - 27 June (J) in 1991 and 1992

Fig. I . Relation of average daily temperature and nesting stage of Red-cockaded Wood-
peckers in the Ouachita NF in Arkansas in 1991 and 1992. Average daily temperature

includes 1991, 1992, and the 30 year average. Daily temperature shown is an average of

high and low temperatures for the day (therefore, daily highs and lows may be more extreme

than those shown in Fig. 1).
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8 -1

10 20 30 1 10

May June

Fig. 2. Daily precipitation recorded at Fort Smith, Arkansas, during the peak of the

nesting season for Red-cockaded Woodpeckers in 1991 and 1992. Trace precipitation ar-

bitrarily was estimated at 0.001 cm.

of rain fell during 1 2 of 1 5 days ofthe below normal temperatures between

24 May and 7 June 1992 (NOAA 1992). On 25 May 1992, rain totaling

0.4 cm fell during nine h between 06:00 and 18:00 h CST. Only traces of

moisture were recorded for 26 and 27 May, but 2.49 cm fell on 28 May
during an all day storm. In 1991, by comparison, rain or traces of rain

fell on only five days of the same 1 5-day period, and temperatures fre-

quently exceeded the 30-year average for the area during the same period

(Fig. 1).

In 1992, dead nestlings (N = 8) were found in six nests between 26

May and 2 June, and a ninth nestling, aged 19 days, was missing from

its nest. Two of 14 broods, involving four nestlings aged 16-24 days,

failed completely during this period. Altogether, six broods suffered un-

expected losses of 1-2 nestlings (N = 8) aged 16-24 days.

In the Ouachita NF, woodpecker groups with helpers suffered fewer

losses and fledged more young per nesting attempt in both years (z = 4.52,

P= <0.001, one-tailed test, Wilcoxon-Mann-Whitney test). In 1991 and

1992, no nest attempt by groups with helpers (N = 6) was unsuccessful

in fledging young, and all nests that totally failed (N = 1 3) involved groups

without helpers (Table 1). Finally, during the cool rainy weather of 1992,
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eight ofnine nestlings survived in groups with helpers, whereas only seven

of 14 nestlings survived in groups without helpers.

DISCUSSION

The effect of helpers on nestling survival in the Ouachita NF supports

findings from elsewhere in the range of this woodpecker. Groups with

helpers consistently fledge more young (Ligon 1970, Lennartz et al. 1987,

Walters 1990). Helpers participate in many activities associated with

nesting, including feeding the young (Ligon 1970, Lennartz and Harlow

1979). In South Carolina, the presence of helpers was associated with

enhanced survival of nestlings, especially when the breeding female was

inexperienced (Lennartz et al. 1987). In the Ouachita NF, it appears the

presence of helpers buffered the negative affects of abnormal weather on

nestling survival.

Red-cockaded Woodpeckers cease feeding during rainfall or inclement

weather (Ligon 1970, Baker 1971, Beckett 1971, pers. obs.), and rain was

frequent during the cool period of 1992. During the last week of May,
rain was recorded during 26% (27 of 104) of the daylight hours between

07:00 and 19:00 h CST and sunshine was recorded during only 38% of

total daylight hours (NOAA 1992). This contrasts sharply with 1991,

when one hour was unavailable for foraging because ofrain. The relatively

light rainfall of 25 May 1992 may have had a negligible effect on the

ability of adult woodpeckers to provision young, but the day-long down-
pour of 28 May came on the fifth day of cool weather (and it rained

heavily at Waldron on the following day). The deaths of most nestlings

came soon afterward, between 29 May and 2 June 1992.

In North Carolina, annual variation in reproduction of Red-cockaded

Woodpeckers was potentially linked to environmental conditions, but no

heavy losses directly related to weather were noted there (M. LaBranche,

pers. comm.). In South Carolina, significant losses of eggs and young

resulted from “nest colonies being flooded with rain during violent storms

in June” (Teulings 1973).

Alternatives to weather as the chief contributing cause of these unex-

pected deaths have been considered and ruled out. Intraspecific conflicts

for cavities involving Red-bellied Woodpeckers {Melanerpes carolinus)

or southern flying squirrels {Glaucomys volans) during 1991-1992 were

monitored also (Neal et al. 1992). No Red-cockaded Woodpecker nest

cavity was usurped by other species during the period in which the nestling

losses occurred (unpubl. data). Nestling deaths can also follow loss of one

adult in groups unassisted by helpers (Lennartz et al. 1987), but both

adult woodpeckers were present in all clusters of cavity trees throughout

the nesting season. Predation losses were discounted because unpredated
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carcasses of dead nestlings were present in four nest cavities. No insec-

ticides were used within the home ranges of these groups.
Nest cavities were checked on similar schedules in 1991 and 1992, but

with a single exception (see below), no dead nestlings were found in

cavities in 1991. Of six older nestlings (older than six days) lost in 1991,
three were eaten by a black rat snake {Elaphe o. ohsoleta) that was found
during a cavity inspection (Neal et al. 1993). As a result of protecting

woodpecker cavity trees from snake climbing (Withgott et al. 1993), no
snake predation occurred in 1 992. Even with the snake predation in 1991,

75% of older nestlings survived, compared to 56% in 1992. By accounting

for snake predation in 1991 and the weather pattern of 1 992, we calculated

that the survival rate of nestlings in each year would have been similar

to the higher values reported in North Carolina (Walters 1990).

While cavity use confers many benefits, including protection from

weather extremes and enhanced ability to thermoregulate, the broods of

cavity nesters are not immune to climatic extremes that affect food avail-

ability. Mortality may be high if food is scarce, particularly at older ages

when nestlings need increased food (Short 1982). In 1976 in Finland,

unseasonably low temperatures and almost continuous rain for two days

(28 and 29 June) was followed on 29 and 30 June by deaths of nestlings

in three species of cavity nesting birds (Pulliainen 1977). On the other

hand, weather-related mortality of nestlings was infrequent among Acorn

Woodpeckers {Melanerpes formicivorus), which store food (Koenig and

Mumme 1987).

There is collateral evidence to support the hypothesis that woodpecker

nestling deaths were caused by a shortage of food that adults would nor-

mally have provided to nestlings. The abnormal pattern of cool weather

that affected the Ouachita NF extended throughout most of the central

U.S. (Climate Analysis Center 1992). The starvation deaths of thousands

of Purple Martins {Pwgne subis) coincided with the deaths ofwoodpecker

nestlings in the same region (pers. obs.). Besides northwestern Arkansas,

Purple Martins died over a wide area primarily west of Arkansas, with

deaths of both nestlings and adults reported (Wright 1992). While Red-

cockaded Woodpeckers are occasional aerial feeders (Beckett 1971), the

typical arboreal insects upon which these woodpeckers feed (Beal 1911,

Short 1982) must also have been affected.
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HEARTWOOD DECAY AND VERTICAL
DISTRIBUTION OF RED-NAPED
SAPSUCKER NEST CAVITIES

Gretchen C. Daily ‘

Abstract.— This paper describes a dynamic spatial pattern of Red-naped Sapsucker

{Sphyrapicus nuchalis) cavity excavation in aspen groves and evaluates the possible im-

portance of heartwood decay distribution, a prerequisite for nest excavation, in producing

it. Sapsuckers typically situate the first cavity excavation in a tree relatively close to the

ground and then make progressively higher excavations in subsequent years. Heartwood

decay is reported to infect aspen via the roots or broken branch stubs, mostly at the base

of the trees. Coring revealed that all nest trees were rotted at the base. The pattern of

sapsucker cavity excavation can be explained as the outcome of an interaction between the

distribution over height within trees of both heart rot and predation risk. Received 21 Oct.

1992, accepted 14 May 1993.

Species interactions involving the Red-naped Sapsucker {Sphyrapicus

nuchalis; hereafter sapsucker) may exert a significant influence on com-
munity structure. The local distributions and abundances of several sec-

ondary cavity nesting birds are enhanced by old sapsucker nest cavities

(Daily et al. 1993). Similarly, many organisms benefit from the rich sap

resources tapped by the sapsucker (e.g., Kilham 1953, 1958; Ehrlich and
Daily 1988). What factors, in turn, influence the distribution of the sap-

sucker? Heartwood decay is known to be an important precursor to nest

cavity excavation for sapsuckers and other woodpeckers (e.g.. Bent 1939,

Conner et al. 1975, Conner et al. 1976). Throughout their range, sap-

suckers are reported to nest in trees that are susceptible to heart rot,

including aspen {Populus tremuloides), birch {Betula spp.), and cotton-

wood {Populus spp.) (Erskine and McLaren 1972, McClelland and Frissell

1975, Keisker 1987). They show a strong preference for nest trees that

possess indicators of heartwood decay, such as evidence of past injury

and fungal fruiting bodies (conks) (Keisker 1987). The distribution of

fungi that cause heartwood decay, therefore, may influence the occurrence

of sapsuckers on micro- and local scales. Here I describe a dynamic spatial

pattern of sapsucker cavity excavation in aspen, whereby typically the

first excavation in a tree is situated relatively low and is followed by
progressively higher excavations in subsequent years. I evaluate the pos-

sible importance of the distribution ofheartwood decay (principally Pomes
igniarius var. populinus) in producing this pattern.

' Center for Conservation Biology, Dept, of Biological Sciences, Stanford Univ., Stanford, California

94305-5020 (Present address: Energy and Resources Group, Bldg. T-4, Room 100, Univ. of California,

Berkeley, California 94720).
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METHODS

Data were gathered in the vicinity of the Rocky Mountain Biological Laboratory (RMBL,
2900 m elevation) in Gunnison County, Colorado. A total of 33 active Red-naped Sapsucker

nests were located during the 1987-1991 breeding seasons in 26 diH'erent quaking aspen

{Populus tremidoides) trees. Diameter at breast height (dbh), condition (dead or live) of the

nest tree, cavity height, and total number of cavities per tree were recorded.

Most (21/26) nest trees were cored at 0.5 m height to determine whether heart rot was

present. The aspen tree of similar dbh closest to the nest tree was also cored (in all cases

but one). Finally, 160 randomly selected aspen trees (of dbh > 16 cm) within a 3 km radius

of RMBL were cored. All trees were cored at the base (0.5 m height), and an additional

second core at 4.5 m height was taken from 20 trees without nest cavities.

Core condition was evaluated on the basis of color, structural integrity, and ease of

extraction. Cores were scored as “not rotted” (where no difference in color, structural in-

tegrity, or ease of extraction between the heartwood and sapwood was evident), “rotted”

(where the heartwood was discolored, crumbly, dry, and more easily extracted relative to

the sapwood), or “intermediate” (where the heartwood was discolored but not yet dry or

crumbly).

RESULTS

Cavity location.—AW but three active sapsucker nests were freshly ex-

cavated during the season of use (cf Short 1979); most of the nests (91%;

30/33) were in live trees. The majority of nests (67%; 22/33) were situated

in trees bearing nest cavities excavated during previous years (cf Flack

1976).

The height of active nest cavities was positively correlated with the

number of other cavities already present in nest trees (Fig. 1; r = 0.62, P
< 0.01). Where there was more than one cavity in a tree, the active

sapsucker nest was in the highest position 86% of the time (18/21; =

22.46, df = 6, F < 0.001), and was never in the lowest cavity. The mean

height of active nest cavities located in trees with no other cavities (2.7

± 0.8 m, N = 11) was significantly lower than the mean height of active

nests in trees with more than one cavity (6.0 ± 0.6 m, N = 22; ANOVA,
Fs = 12.44, df = 31, F < 0.005). Nonetheless, active cavities were con-

centrated at the lower range of heights (test for skewness, = 1.2081, t^

= 2.9564, df = oo, F < 0.01).

Distribution of heartwood decay.—AW 21 cored nest trees were rotted

at the base, compared to only 40% (8/20) of trees adjacent to nest trees

(G-iesi, G(lVilliarns) = 21.640, df = 1, F < 0.001, N = 41 trees). In the

broad survey of the condition of the bases of mature aspens, 1 5% (24/

160) were rotted, 5.6% (9/160) were at an intermediate stage of heartwood

decay, and 79% (127/160) were not rotted at the base. Of the 20 aspens

that I cored both at 0.5 and at 4.5 m heights, 3 (15%) were rotted at both

heights, 1 (5%) showed intermediate rot at the base and none at 4.5 m,

and 16 (80%) were not rotted at either height. Trees adjacent to infected
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Total number of nest cavities in tree

Fig. 1 . The heights of active nest cavities are plotted as a function of the total number
of cavities in the tree (r = 0.619; P < 0.01). The asterisk refers to a tree where it was unclear

whether the highest cavity had actually been fully excavated and used for nesting.

nest trees had a slightly higher probability of bearing indications of heart-

wood decay (at the base) than trees in the random sample (0.40 vs 0.21;

G(William’s) = 3.256, df = 1, P < 0.10, N = 180 trees).

DISCUSSION

Sapsuckers tend to excavate the first cavity in previously unexcavated

trees at a relatively low height and in subsequent years excavate new nest

cavities above all older cavities. Trunk diameter did not appear to be an

important factor in producing this pattern. Aspen trunks taper gradually,

and all nest trees were estimated to be at least 1 5 m high. Iftrunk diameter

were the principal constraint, one would expect a normal distribution of

cavity heights, truncated at the greater heights where the trunk narrows.

In fact, the distribution was skewed in the reverse direction: twenty-three

(of 33) active nest cavities were situated less than 6 m from the ground.

The inclusion of old nest cavities (of unknown species origin) in this

analysis would have skewed the distribution considerably more as the

active nests were nearly always the highest.
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A possible explanation of the pattern of nest excavation is suggested

by the vertical distribution of heartwood decay. The shelf fungus {Fames
igniarius var. populinus) is the principal cause of heart rot in aspens

throughout its range (Basham 1958). Trees are most prone to infection

by this fungus (and a variety of others) through the roots and through

dead, broken branch stubs or sites of injury (Basham 1958, Shigo 1965),

which are concentrated in the lower part of aspen trunks (pers. obs.). All

nest trees were rotted at the base, and no trees were found with heart rot

above an unrotted section of trunk. This contrasts with the general finding

that woodpeckers excavate cavities in trees where the mode of entry of

heartwood decay is through upper broken branch stubs (Conner et al.

1976, Conner and Locke 1982).

If most aspen are first infected at or near the base of the tree, then the

decayed heartwood would taper in diameter with height from the base.

This suggests that the diameter of the decay column may be a limiting

factor on sapsucker nest excavation. I hypothesize that sapsuckers make
the first cavity excavation in a tree near the base because the probability

of encountering heartwood decay of sufficient diameter is highest there.

Under this hypothesis, the optimal location of subsequent cavity exca-

vation attempts is determined by the relative probabilities ofencountering

a suitable decay column just above the old cavity versus in an unexcavated

tree.

If the probability of encountering sufficient heart rot is highest at the

base of aspen trees, why do sapsuckers situate cavities in progressively

higher parts of the same tree even when there is ample room below old

cavities? Predation risk could be the explanation. Maximizing the prob-

ability of encountering sufficient heart rot diameter in an unexcavated

tree involves a trade-off with a higher risk of predation associated with

low cavities. The Red-naped Sapsucker and other woodpeckers, including

the Northern Flicker (Colaptes auratus), the Red-headed Woodpecker

{Melanerpes erythrocephalus), and the White-headed Woodpecker {Pi-

coides albolarvatus), sometimes excavate nest cavities very close to the

ground where they may be vulnerable to non-arboreal predators, including

carpenter ants (Cam;76>A2(9/W5 spp.) (Bent 1939, Keisker 1987, Kilham 1971,

Short 1982).

In this study, a weasel {Mustela sp.) was observed preying upon the

nest of a banded male that had successfully fledged young from nests in

two nearby trees in previous seasons. The cavity was at 1.2 m height in

an aspen with no other nest cavities. The tree was sectioned into several

meter-length segments in order to determine the condition of the trunk.

It showed heartwood decay extending from the base to a height of about

9 m, of sufficient diameter to have allowed excavation of a cavity nest at
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least 5 m above the chosen height. Thus, while sapsuckers most likely

can detect the presence of heartwood decay prior to drilling, they may be

unable to assess the diameter of the decay column.

In conclusion, I propose that the dynamic pattern of sapsucker nest

cavity excavation is the outcome ofan interaction between the distribution

of both heart rot and predation risk. Furthermore, the tendency for sap-

suckers to nest in the same cluster of a few trees over time (Kilham 1971,

pers. obs.) may be explained partly by the higher probability of encoun-

tering heart rot in trees near former nest trees than at random.

An earlier study showed that the local distribution of sapsuckers is

restricted to areas where willow {Salix spp.) and aspen cooccur in close

proximity (Daily et al. 1993). The interactions between willow, aspen,

heart rot fungi, and sapsuckers may affect other species by influencing,

for example, the nest proximity of secondary cavity nesters and social,

predatory, and other interactions between them. This work highlights the

potential importance ofsubtle species interactions in structuring biological

communities.
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SHORT COMMUNICATIONS

Diurnal time budgets of breeding Common Goldeneyes.— Studies oftime allocation during

nesting allow comparison ofhow waterfowl cope with energetic and nutrient demands within

environmental constraints. In general, larger species tend to nest earlier, forage less, and

rely on endogenous resources accumulated before arrival at breeding areas (e.g.. Common
Eiders [Somateria mollissima] and Lesser Snow Geese [Chen c. caerulescens]) (Korschgen

1977, Ankney and Macinnes 1978). In contrast, smaller species usually nest later and spend

relatively more time foraging after arrival in nesting areas (e.g.. Northern Shovelers [Anas

clypeata] and Ruddy Ducks [Oxyura jamaicensis]) (Afton 1979, Tome 1984). Dependence

on endogenous resources during nesting appears to be related positively to body size and

incubation constancy and negatively to the time spent foraging (Afton 1980). This gener-

alization can vary depending on how physical properties ofthe nest environment and thermal

requirements of developing embryos affect incubation constancy (Afton and Paulus 1992).

Studies ofCommon Goldeneyes (Bucephala clangula) provide additional insight. Females

are cavity-nesters (Delacour 1954) that weigh 600-700 g during incubation (Zicus, unpubl.

data). Although nesting begins while many wetlands are ice-covered, laying rates are low

compared to other similar-sized waterfowl (cf. Palmer 1976). Males vigorously defend for-

aging territories from congeneric waterfowl during laying and incubation (Savard 1984).

Early nesting suggests that stored resources are important, but foraging defense and low

laying rates indicate foods obtained in the breeding areas may be essential. We describe the

diurnal time budget of breeding Common Goldeneye pairs and discuss its relevance to

resource acquisition and nesting.

Study area and methods.— studied time-activity budgets in northcentral Minnesota

from 1983 to 1985 on a 16-ha pond with a 30-ha adjoining sedge meadow and floating

sedge mat. Water depths were <1.5 m, and stands of hardstem bulrush (Scirpus acutus),

waterlily {Nymphea tuberosa), and various pondweeds (Potamogeton spp.) occurred through-

out. Human access was limited to the site from April to June. Four pairs of goldeneyes

defended territories in 1983, while six pairs occupied the pond in 1984 and 1985 (R.

Eberhardt, unpubl. data). Females nested in nest boxes around the pond. We trapped females

in nest boxes (Zicus 1989) as they searched for nest sites and individually marked them

with plastic nasal saddles (Doty and Greenwood 1974). Activities of marked females and

their unmarked mates were sampled during egg-laying and incubation periods using the

focal animal method (Altmann 1974). We used 1-h observation sessions during egg laying.

The period from 0.5 h before sunrise to 0.5 h after sunset was divided into four equal-length

blocks that were adjusted daily to account for changing sunrise and sunset times. For each

block, a random start time was selected such that the latest possible start would be one hour

before the end of the time block. Activities of both pair members were recorded simulta-

neously every 30 sec using a metronome (Wiens et al. 1970). Goldeneyes were observed

when our work schedule permitted, but we attempted to balance the observations made in

each time block. Marked females were assigned randomly to each day. When an observation

session was to begin, the assigned female was searched for. If this female could not be found

when one or more other marked females were present, the one observed least recently was

selected, or the only marked female present was observed. Nesting status was determined

by monitoring marked pairs using nest boxes.

Activities were categorized as (1) foraging (dive, dive-pause, food sorting at the surface),

(2) alert, (3) locomotion, (4) agonistic, (5) comfort movements, (6) courtship, (7) resting, or

(8) out of sight. Observations during the laying period were analyzed if birds were visible
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Table 1

Percent of Diurnal Time Spent in Various Activities by Common Goldeneye Pairs

During Egg Laying in Northcentral Minnesota, 1983-1985

Activity Sex

1983
(N, = 4-)

{N„. = 4)

1984

(Nr = 4)

(N„. = 4)

1985
(N, = 4)

(N„. = 4)

Foraging Female 86.0 (4.0)*’ 78.9 (2.8) 60.7 (10.4)

Male 69.8 (2.7) 42.4 (5.3) 39.2 (4.3)

Locomotion Female 4.7 (0.7) 7.3 (1.3) 6.8 (2.1)

Male 13.0 (2.1) 17.9 (0.8) 12.6 (2.8)

Resting Female 1.9 (1.6) 7.5 (1.6) 18.6 (9.9)

Male 2.9 (1.3) 17.0 (5.6) 22.8 (6.5)

Comfort Female 5.6 (2.6) 4.0 (0.3) 12.1 (7.3)

Male 8.1 (2.1) 7.0 (0.9) 15.4 (4.1)

Agonistic Female 0.1 (0.1) 0.0 (0.0) 0.0 (0.0)

Male 3.2 (1.3) 12.8 (4.8) 6.4 (1.5)

Alert Female 1.0 (0.5) 1.5 (0.4) 1.3 (0.5)

Male 2.2 (0.4) 1.4 (0.7) 2.5 (1.4)

Courtship Female 0.6 (0.2) 0.7 (0.3) 0.4 (0.2)

Male 0.8 (0.3) 1.5 (0.6) 1.0 (0.2)

“ Nf = number of females, N,„ = number of males.

” Mean (SE).

for >30 min. Because the timing of incubation recesses was unpredictable, varying greatly

in duration (Zicus, unpubl. data), we observed recessing birds for as long as possible and

analyzed the observations regardless of their length. Activities were summarized as the

percent of the observation that they comprised while the bird was in sight.

Effects of sex, year, and their interaction on percent time spent in each activity were

examined using a two-way factorial ANOVA on the arcsine-transformed data. We accounted

for the fact that we observed the same marked birds throughout the spring by analyzing

time period means for each bird. To reduce type II error rates, given small samples, we

considered differences significant at P < 0.1. We maintained the overall a level by preceding

the ANOVAs with a single two-way factorial MANOVA on the transformed data for all

activities using SAS PROC GLM (SAS Institute Inc. 1991). Significant multivariate main

effects were then followed by their corresponding univariate ANOVAs.

Results.— observed males and females for 126 h during the egg-laying period. Wilk’s

Lambda test criterion indicated both sex and year influenced activity budgets (MANOVA
F = 7.80; df = 7, 12;/"= 0.00 1 and F = 1 .97; df = 14, 24; P = 0.069). Foraging was the

most frequent diurnal activity for both sexes while the female was away from the nest (Table

1). Females foraged more than males (F = 30.66; df = 1, 18; /" < 0.001) each year, but

foraging by both sexes differed among years {F = 12.66; df = 2, 18; P < 0.001) and was

lowest in 1985. Males consistently moved more than females (/'

=

30.77; df = 1, 18; P <

0.00 1 ), but locomotion was similar among years (P = 2.35; df = 2, 1 8; P = 0. 1 24). Time

spent resting varied among years {F = 5.52; df = 2, 18; P = 0.014), but not between sexes

1.14; df= 1, 18; P = 0.299). Males were more agonistic than females (P = 18.04; df

= 1, 18; P < 0.001), and agonistic activity may have varied among years (P = 2.58; df =

2, 18; P = 0.104). Time alert and courting were the least observed activities. Males may
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Table 2

Percent of Diurnal Time Spent in Various Activities by Common Goldeneye Pairs

During Incubation Recesses in Northcentral Minnesota, 1984-1985

Activity Sex

1984
(Nr =3^)
(N„, = 3)

1985

(Nr = 3)

(N,, = 3)

Foraging Female 75.4 (5.9)^ 78.9 (4.7)

Male 18.7 (10.7) 55.1 (0.4)

Locomotion Female 6.4 (2.3) 3.7 (2.1)

Male 27.7 (12.5) 10.3 (1.9)

Resting Female 2.3 (1.3) 3.5 (2.1)

Male 18.9 (3.0) 14.9 (2.1)

Comfort Female 9.3 (5.5) 11.4 (2.2)

Male 6.7 (3.9) 8.7 (0.9)

Agonistic Female 0.0 (0.0) 0.0 (0.0)

Male 21.5 (7.1) 4.6 (4.6)

Alert Female 6.5 (1.2) 2.0 (0.1)

Male 6.6 (2.9) 6.0 (3.3)

Courtship Female 0.0 (0.0) 0.5 (0.2)

Male 0.0 (0.0) 0.4 (0.1)

Nr = number of females, N„, = number of males.

Mean (SE).

have spent more time courting than females {F == 2.96; df = 1, 18; P = 0.102). Otherwise,

time spent in these activities was similar among years and between sexes.

We observed goldeneyes during incubation recesses 33 times in 1984 and 1985. Obser-

vation sessions ranged from 1 7 to 62 min (x = 48). Wilk’s Lambda indicated a significant

overall sex effect (MANOVA F = 92.78; df = 7, 1; P = 0.080), but we detected no difference

between years (MANOVA F = 17.60; df = 7, 1; P = 0.182). Pairs spent most of the recess

time foraging and less time in other activities (Table 2). Females foraged more during a

recess than males (P= 31.37; df= 1, 7;P < 0.001), but males may have moved more (P
= 3.15; df = 1, 7; P = 0.119) and rested more (P = 33.83; df = 1, 7; P < 0.001). Males

were involved in agonistic activities more than females (P = 8.90; df = 1, 7; P = 0.020).

We detected no sex related differences in alert, comfort, or courtship activities (all P values

> 0.448).

Both sexes spent the greatest proportion of their foraging time in underwater dives and
the least sorting items at the surface (Table 3). Foraging components differed between sexes

and among years (MANOVA P = 6.03; df = 3, 1 9; P = 0.005 and P = 8. 1 8; df = 6, 38; P
< 0.001). Females spent more foraging time sorting items at the surface than males (P =

9.31; df = 1, 21; P = 0.006), whereas males spent more time pausing between dives (P =

7.85; df = 1, 21; P == 0.01 1). Food sorting was greatest in 1983 (P = 22.72; df = 2, 21; P
< 0.001) when pausing between dives was lowest (P = 8.34; df = 2, 21; P = 0.022).

Discussion.—NciWiiy budgets ofCommon Goldeneyes resembled those of small- to me-
dium-sized waterfowl that obtain resources for egg laying and incubation on the nesting

grounds. For females, foraging was the dominant activity as has been reported for species

such as Northern Shovelers and Ruddy Ducks. Afton (1979) and Tome (1991) estimated

that females of these species spent 54-61% of the time foraging during prelaying and laying
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Table 3

Percent of Diurnal Foraging Time Spent in Various Activities by Common
Goldeneye Pairs in Minnesota, 1983-1985

Activity Sex

1983
(N, = 4^)

(N„, = 4)

1984
(N, = 4)

(N„, = 4)

1985
(N, = 5)

(N„, = 5)

Diving Female 58.4 (1.7)1’ 59.9 (1.9) 64.4 (1.8)

Male 59.2 (2.9) 63.9 (1.7) 60.8 (2.4)

Pausing Female 23.1 (3.3) 34.8 (1.8) 32.9 (1.3)

Male 32.4 (0.8) 34.0 (2.3) 38.4 (2.1)

Sorting Female 18.5 (4.0) 5.3 (0.6) 2.8 (0.6)

Male 9.5 (3.2) 2.1 (0.6) 0.7 (0.5)

“ Nf = number of females, N„ = number of males.

^ Mean (SE).

periods (when not at the nest). Diumal foraging time during egg laying by female goldeneyes

exceeded this level. Median length of the diumal period during egg laying was 944 min, and

Common Goldeneyes spent approximately 1 5% of the time at the nest (Zicus, unpubl. data).

Thus, goldeneyes foraged 487-690 min/day compared to approximately 441 min/day by

female Northern Shovelers (calculated from Afton 1979).

Although the proportion of an incubation recess during which a female foraged was the

same in both years, females on our study wetland had longer daily incubation recess times

in 1984 {x ^ 347 min) than 1985 (x = 255 min) (Zicus, unpubl. data). As a result, actual

foraging time averaged 265 min/day in 1984 versus 199 min/day in 1985. Less foraging in

1 985 was consistent with differences during egg laying and suggests food was more available

in 1985. Einarsson (1990) likewise noted that female Barrow’s Goldeneyes (B. islandicd) on

food-rich inshore territories foraged for less time than those elsewhere on the lake. Incubation

constancies and female weights at the end of incubation also were lower in 1984 than in

1985 on two other lakes (Zicus, unpubl. data), further supporting speculation that food

availability may have changed between years.

Female foraging time during incubation was greater in both years of our study than that

reported for most duck species (see review in Afton and Paulus 1992). For example, during

incubation. Green-winged Teal {A. crecca) foraged 193 min/day (Afton 1978) and Ruddy

Ducks foraged 185 min/day (Tome 1991). Extensive foraging allows small-bodied species

such as these to acquire nutrients exogenously during incubation (e.g.. Tome 1984, Ankney

and Afton 1 988).

Male activities appeared to be most directed towards maintenance of foraging territories.

In 1983, when there were the fewest pairs, male agonistic activity was lowest and foraging

was highest. Males foraged less than females, particularly when accompanying females during

incubation recesses in 1984. Similar sex-related differences have been reported for many

waterfowl species (e.g., Dwyer 1974, Seymour and Titman 1978, Afton 1979). Throughout

spring 1 984, males allocated more time to locomotion and agonistic activities than in 1 985,

even though pair numbers were the same both years. This might be expected, given the

male’s role in maintenance of exclusive feeding areas (Savard 1 984), if food acquisition was

more difficult in 1984 than in 1985.

Comparisons with activity budgets of other species need to be made cautiously. Like other

studies ours lacked the year and area replication necessary to assess the variability likely
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inherent in activity budgets. Nonetheless, goldeneye foraging time varied significantly for

both sexes and among the years we studied. In addition to habitat influences, densities of

conspecific or congeneric waterfowl no doubt influence time allocation during nesting (Savard

1984). Common Goldeneye activity budgets resemble those of other small- to medium-

sized ducks, but their breeding strategy differs from that of other species because goldeneyes

begin nesting when many wetlands are ice-covered and food availability probably is low.

Goldeneyes lay eggs approximately every other day, which is a rate lower than that of most

ducks (Bellrose 1976). This trait combined with frequent foraging during egg laying and

incubation may allow them to return to nesting areas with relatively few endogenous re-

sources and yet begin nesting immediately. Early nesting, low egg-laying rates, actively

defended territories, and frequent foraging during egg laying and incubation may be essential

for a duck the size ofthe goldeneye to exploit boreal wetlands having relatively low productiv-

ities and short open-water periods.
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Rapid colonization of a human-made wetland by Mariana Common Moorhen on Guam.—
The Mariana subspecies of the Common Moorhen {Gallinula chloropus guami) is endemic

to the Mariana Islands in the western Pacific Ocean and is endangered (USFWS 1984).

Current populations are found on the islands of Guam, Tinian, and Saipan which support

an estimated 100-125, 75, and 100 moorhens, respectively, (Stinson et al. 1990). Degra-

dation and loss ofnatural wetlands have contributed to the decline ofthe species, but human-

made sites on Guam have supplemented available habitat (USFWS 1984, Stinson et al.

1990). In 1987 and 1988, about 80% of all wetlands used by moorhens during the wet and

dry seasons were artificial (Stinson et al. 1 990). Many ofthese sites originally were constructed

as aquaculture ponds, ponding basins for flood control, reservoirs for municipal use and

livestock, or as scenic ponds on golf courses. They provide nesting and foraging areas for

moorhens after suitable aquatic vegetation becomes established. However, many are subject

to severe inundation and drying out in response to seasonal rainfall patterns (M. Ritter,

unpubl. data).

Since 1985, a dramatic increase in large tourist-related developments has resulted in

increased conflicts over wetlands between developers and natural resource management

agencies. Conflicts often associated with developments are mitigation, run-off control, ero-

sion control, improved aesthetics, and providing higher wildlife values. On the Manengon

Hills Resort, project planners and biologists identified a unique opportunity to integrate

both the habitat requirements of moorhens with the design constraints and needs of de-

velopment-based wetlands into aesthetic and functional wetlands that would benefit moor-

hens. This report documents the results of the first attempts by a land developer to build

wetland habitat for Common Moorhens on Guam. We describe the construction ofa wetland

and its rapid colonization by moorhens.

The Manengon Hills Resort is located in south-central Guam and covers 531 ha. It is the

largest tourist development on the island and will have 3000 housing units, a hotel, a 45-

hole golf course, and associated recreational and shopping facilities when completed. The

existing watersheds are being maintained, but much of the existing upland grasslands have
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Table 1

Wetland Plants at Wetland 52M and Their Percent of Coverage in January

1993

Species Percent coverage

Spikerush {Eleocharis dulcisY 60%
Fringe rush {Fimbristylis littoralis) 10%

Rusty flatsedge {Cyperus odoratusY <1%
Tall fringe rush {Fimbristylis dichotoma) <1%
Umbrella-grass {Fuirena umbellata) <1%
False loosestrife {Ludwigia hyssopifolia) <1%
Taro {Colocasia esculentaY 0

Water lettuce {Pistia stratiotesY'^ 0

“ Wetland plants introduced in January 1992.
^ All plants were hand-removed in early June 1992.

been removed. Developers of the project agreed to build about 50 wetlands on the property

as part of a mitigation plan to benefit moorhens. Two types of wetlands were constructed:

on-slope and detention ponds. On-slope wetlands are constructed in the lower portions of

natural valleys, and detention ponds are located near, and connected hydrologically to,

existing on-site wetlands. The wetland of interest, 52M, is classified as an on-slope wetland.

The wetland was built near several golf tees, a golf cart path, and a two-lane roadway.

Construction of the wetland’s basin was commenced and completed in January 1992. A
medium-sized excavator was used to grade and slope the sides and bottom of the basin.

The wetland is triangular in shape and is 600 m^ in size. It is 45 m long and 27 m across

at the widest point and surrounded by a short (30-45 cm high) rock and mortar wall. At

the time of construction, the bottom soils were saturated and compaction was not feasible.

The bottom of the ponded area was lined with a layer of hydric soil approximately 30 cm
deep using the same excavator that performed the wetland shaping. Tamping with the back

of the bucket of the excavator was done to shape and compact the hydric soil blanket. The
soil was obtained from displaced wetlands elsewhere on the resort. About 90% ofthe wetland

is shallow (20 cm deep), with a somewhat circular, deeper area (60 cm deep) located in the

south-central portion of the wetland. Groundwater seepage out of the slope and stormwater

runoff via surface and pipe flow provide recharge. Discharge is controlled by a vertical 30-

cm-diameter polyethylene riser located near the south end.

Five plant species were introduced into the wetland soon after construction was completed

in January (Table 1). Spikerush {Eleocharis dulcis) was planted on 46-cm centers in three

groups, each containing approximately 40 plantings, on the east, west, and north sides of

the deep water area. Water lettuce {Pistia stratiotes) was placed along the southwestern edge

of the pond and initially covered 5% of the surface area. In mid-February, taro {Colocasia

esculenta) was planted on 0.9 m centers in two groups, each with 10 plants, along the

northern edge and in the water lettuce bed. In April, one or two plantings of rusty flatsedge

{Cyperus odoratus) were also introduced into the wetland. By late April, spikerush covered

1 0% of the pond, but all taro had died, presumably because of excessive flooding. In early

June, all water lettuce was hand-removed because it was rapidly expanding its range and

encroaching into the stands of spikerush. At the time ofremoval, water lettuce had expanded

to cover about 20% of the ponded surface area. As of January 1993, 75% of the ponded

area was vegetated (Table 1). Species not initially introduced (i.e., fringe rush, Fimbristylis



SHORT COMMUNICATIONS 687

littoralis; tall fringe rush, I\ dichotoma: umbrella-grass, I-'uirena unibeHata; false loosestrife,

Ludwigia hyssopifolid) may have come Irom the seed banks or propogated vegetatively from
the existing or hydric soils.

Sightings of moorhen chicks and adults by golf course personnel began in August, with

at least four chicks seen on several occasions. Chicks were reported to have black natal

down, indicating their age to be between a few days and four weeks. Three nests were found
in early September several days after strong winds from Typhoon Omar on August 28
disrupted the vegetation and enhanced visual observation. One nest was in each of three

original clumps of spikerush. Moorhens may build more than one brood nest (Wood 1974),

and it is possible that this occurred here. Accounting for the age of the chicks and an

incubation period of 22 days (Byrd and Zeillemaker 1981), nest construction probably

occurred in early July. This suggests that Wetland 52M was colonized by the adult birds by

at least June, which would have been only about five months after the wetland was first

flooded. On October 6, we visited the site and observed one juvenile moorhen. On 6 January

1993, two moorhen in adult plumage were observed at the wetland. From the time of

hatching, it takes 22 weeks for moorhens to attain adult plumage. Therefore, it is unknown
if one or both of these birds were the breeding adults or chicks that had hatched in August.

Moorhens probably colonized Wetland 52M from one of two existing wetlands to the

north. Both are human-made and vegetated predominantly with spikerush. The larger wet-

land (1 ha) is 750 m north, and the smaller (0.5 ha) is 1400 m northeast of Wetland 52M
(Wiles and Ritter, in press). A few moorhens and their nests have been recorded regularly

at both of these wetlands since 1972. These records offer some evidence that the adult birds

observed at Wetland 52M may have originally come from one of these two wetlands. They

also indicate that created wetlands can provide an important resource for this endangered

subspecies.
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A contact zone between Mountain and Carunculated Caracaras in Ecuador.— Parker et al.

(1985) were first to report Mountain Caracaras (Phalcoboenus megalopterus) north of the

Maranon depression at Cerro Chinguela in Peru. Fjelds^ and Krabbe (1990) found them on

the border of Ecuador and Peru. Ortiz et al. (1990) did not consider the species present in

Ecuador, but R. Williams (pers. comm.) found Mountain Caracaras to be fairly common
on the Cordillera de Cyabanilla (4°34'S, 79°22'W) 10-15 km east of Amaluza in 1990.

However, he saw none in this area in 1991. Williams also recorded the species at 04°21'S,

79°45'W near Sozoranga in 1990. E. P. Toyne (pers. comm.) recorded two adult Mountain

Caracaras flying together at Ingapirca (3°4rS, 79°13'W) on 1 1 April 1992 immediately east

of Acacana. I recorded Mountain Caracaras several times during ornithological fieldwork

at 2950 m on the east side of Cerro Acacana (Acanama) (3°4rS, 79°14'W; Fig. 1), Province

of Loja, southern Ecuador, in May and June 1992 and report on those observations here.

The area is characterized by “islands” oftemperate cloud forest in an “ocean” of pastures.

Just below and on the top ofAcacana (3420 m), paramo vegetation was prevalent. I recorded

Mountain Caracaras on 1 5 occasions, but never more than two together at one time. Fifteen

records were of adults and four of juveniles. The greatest number of sightings in any one

day was four. Birds were seen at any time during the day from 06:25 h to 18:10 h. I was

not able to determine how many different individuals were involved. The first identification

of Mountain Caracara was 19 May 1992. A bird was perched in a tree at the edge of a forest

fragment. It was observed for 30 min with Leica 10 x 42 binoculars and appeared as follows:

inner two-thirds of bill orange, outer one-third light bluish, legs yellow, upperparts, head,

throat and breast jet black, border between black breast and white belly sharp, undertail

coverts, rump and upper tail coverts white, broad tail-band black but terminal part of tail

white, narrow shoulder-patch white; and a white terminal spot on a few outer primaries.

The individual left and was joined by a conspecific adult bird from nearby. Both indi-

viduals had a thin white trailing edge along the secondaries and 3-5 outer primaries with

terminal white spots.

The identification ofjuvenile Mountain Caracaras primarily was based upon an interaction

between an adult and a juvenile bird. On 30 May an adult bird passed close by with food

in its bill. It landed in a pasture but was soon joined by a juvenile bird. The latter seized

the food from the adult bird which neither delivered it actively nor tried to prevent the loss

of it. The juvenile flew a short distance with the food item, landed and swallowed the prey,

while the adult was still on the ground. The interaction did not appear to be cleptoparasitism.

Of the four records of juveniles, only this bird was seen close enough to notice a lack of

barring on the rump.

The closely related Carunculated Caracara {Phalcoboenus carunculatus) was recorded at

Acacana on 16, 18, and 20 April 1989 and farther south at Uritusinga (4°06 S, 79°14'W;

Fig. 1) the same spring by Bloch et al. (1992, pers. comm.). All observations at Acacana by
Bloch et al. were of pairs of flying adults. The single Uritusinga observation of a flying adult

is the southernmost record of this species. The Carunculated Caracara was expected at

Acacana but I did not find it there.

The literature contains conflicting views on the distribution and taxonomy of Mountain

and Carunculated caracaras. The three Andean forms megalopterus, carunculatus and al-

bogularis have been considered subspecies under albogularis (Hellmayr and Conover 1 949)

or megalopterus (Zimmer 1930, Vuilleumier 1970) or separate species, i.e., allospecies of a

single superspecies (Brown and Amadon 1 968, Parker et al. 1 985, Fjelds^ and Krabbe 1 990).

Hellmayr and Conover (1949) united the forms due to the remarkably similar juvenile

plumages. Zimmer (1930) united the forms carunculatus and megalopterus due to the general
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ECUADOR

Fig. 1 . Southern Ecuador and northern Peru. Stippled areas are above 3000 m. Symbols:

triangles— sites where Mountain Caracaras have been recorded, dots— sites where Carun-

culated Caracaras have been recorded. Squares— principal cities.

characteristics found in both forms and faint white spots on the lower breast of two megalop-

terus specimens from central Peru. He interpreted these spots as evidence of hybridization,

despite the apparent allopatry of the forms. Zimmer also considered alhogularis part of this

group, but he had no specimens from which to form a clear judgement. In his paper on
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Caracaras, Vuilleumier (1970) adopted the view of Zimmer, emphasizing the carunculatus-

traits in the two Mountain Caracara specimens from central Peru. His view was also based

upon signs ofhybridization between megalopterus and albogularis in Rio Negro and Chubut,

Argentina, and an observation of a possible mixed pair the same place.

An analysis of adult and juvenile specimens of Mountain Carunculated caracaras was

done to support my identifications and one of the taxonomic views in the literature. De-

scriptions were made by J. Fjelds^ of megalopterus (16 adults, 14 juveniles, 3 immatures)

and carunculatus (13 adults, 5 juveniles, 2 immatures), in the Field Museum of Natural

History, Chicago, and by myself of material in the Zoological Museum, Copenhagen {mega-

lopterus 1 adult, 1 juvenile; carunculatus 3 adults, 1 immature, 5 juveniles). An analysis of

plumages did not show any consistent pattern to separate the two juvenile forms. However,

there was a tendency for uniform creamy rump ( 1 1 of 1 5 specimens), a darker non-contrasting

head and neck ( 1 1 out of 1 5 specimens), and unbarred retrices (13 of 1 5 specimens) in first

plumage megalopterus. In first plumage carunculatus there was a tendency for barred rump

(7 of 10 specimens) as suggested by Fjelds^ and Krabbe (1990), a light bully head and neck

contrasting against a warm brownish body ( 1 0 of 1 0 specimens), and barred retrices, at least

distally on the outer feathers (7 of 10 specimens). Thus the juvenile caracara observed by

me seemed most like the Mountain Caracara.

The adult specimens fully confirmed my identifications of adult Mountain Caracaras. The

two specimens on which Zimmer (1930) based his view showed very faint bully-white (not

white) subapical spots on the feathers that form the lower edge of the black breast, as was

found also in some specimens from Bolivia. All such specimens had a few remiges or hand-

coverts of immature colors or the corresponding feathers were fresh-molted, which dem-

onstrated that the pale spots on the breast were characteristic of the initial adult plumage

rather than a hybrid character.

It has been suggested that megalopterus has fewer white-tipped primaries and less extensive

white on tips than carunculatus (Zimmer 1930, Vuilleumier 1970). Hybridization could

therefore be expressed as a clinal variation in these characters towards more white-tipped

primaries and greater extension of white on tips in megalopterus specimens from the areas

closest to carunculatus. However, an analysis of megalopterus specimens revealed no clonal

variation in number and extension ofwhite on tip ofprimaries within the area ofdistribution,

which suggests an efficient gene flow within megalopterus.

The black of megalopterus reach the lower breast while the black white-streaked foreparts

of carunculatus continue to or below the mid-belly. Therefore hybridization signs in the

megalopterus population could be comprised of white streaks in the black breast but equally

likely intrusion of black on the belly. No megalopterus specimen showed signs of black on

the belly.

I conclude that the two hybrid specimens of Zimmer (1930) are young adults within the

variation of megalopterus. My observations and morphological analysis thus extend the

range of Mountain Caracara 100-150 km to the north into southern Ecuador, suggest a

possible contact zone between the two forms carunculatus and megalopterus, and question

the hitherto accepted existence of hybrids between the two forms.
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Cavity nesting by Harlequin Ducks in the Pacific Northwest.— The Holarctic Harlequin

Duck (Histrionicus histrionicus) winters along northern coasts and breeds along swiftly

flowing mountain streams. Disjunct populations occur in association with Atlantic and

Pacific coastlines (AOU 1983). Most published nest records are from the Atlantic (Iceland),

where 90% of nests described were on the ground in dense vegetation and 10% were in

rocky hollows or lava cavities. Ninety-three percent were within 5 m of streams (Bengtson

1972). The lack of adequate data from areas outside Iceland, and conflicts in old records,

have led to disagreement as to whether Harlequin Ducks arc cavity ncsters (Merriam 1883,

Bent 1925, Johnsgard 1960, Bengtson 1966) or whether they primarily are ground nesters,

nesting ocksionally in areas sheltered by rocks or woody debris (Burleigh 1972). Several

authors have dismissed reports of cavity nesting, particularly in trees (Gudmundsson 1 97 1

,

Palmer 1976).

We are aware of only eight published nest site descriptions from the Pacific population

of Harlequin Ducks. Three nests were on rocks, two were on the ground, one was in a cliff

face (Bent 1925, Campbell et al. 1990), and two were in piles of woody debris adjacent to

streams (Jewett' 1931, Thompson 1985). We found no documentation of nesting in tree
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cavities. Here we describe three Harlequin Duck cavity nests discovered in May and June

1991 in northern Idaho and northwestern Washington. Two were in tree cavities, and a

third was in a rock cavity in a cliff face.

Nests were located along tributaries to 383 km^ Lake Pend Oreille (elevation 629 m) in

northern Idaho (48°00'N, 1 16°25'W) and along the Elwha River on the Olympic peninsula

(47°52'N, 123°57'W) in northwestern Washington. Idaho nesting areas were along third-

and fourth-order forested streams originating in the Coeur d’Alene Mountains on the Idaho

Panhandle National Forests, accessible by boat or logging road. The fourth-order Elwha

River flows through a steep fluvial-carved, V-shaped canyon originating in the glaciers of

the Olympic Mountains. The nesting area was within Olympic National Park and accessible

only by hiking trail.

We located one Idaho nest and the Washington nest during Harlequin Duck surveys

conducted by walking in or along stream reaches used by Harlequin Ducks and recording

all observations. Idaho surveys were conducted approximately weekly April 25-August 30.

The Elwha River was surveyed once in May. We discovered the second Idaho nest using

radiotelemetry.

The Washington nest was located 1.8 m above the ground in a broken-top, 3.7-m tall,

0.59-m diameter, big leaf maple {Acer macrophylum) snag. The cavity opening was a 15-

cm wide vertical slit extending down the trunk from the top of the snag. Interior cavity

diameter was 38 cm, and depth was 61 cm, which prevented the hen from seeing out and

completely hid her while incubating. The nest tree was on a 43° slope in a grand fir {Abies

grandis) and Douglas-fir {Pseudotsuga menziesii) stand with an alder {Alnus rubra) and vine

maple {Acer circinatum) understory.The tree was 14.1 m from a backwater oxbow of the

river and 24.7 m from the main river. The main river was 17 m wide with a 6% gradient

(velocity 1.3 m/sec). A pair of Harlequin Ducks was observed copulating in the backwater

the day before the nest was discovered.

The adjacent Elwha River trail (1.3 m away) is a popular hiking trail used by at least 426

hikers during the May-June 1991 nesting period (Nat. Park Service, unpubl. data). The nest

tree was also within a backcountry horse corral which received heavy use throughout the

1992 nesting season by stock and humans. The nest site was used in both 1991 and 1992.

Both Idaho nests were located in relatively steep, narrow stream reaches (gradient 4-1 1%,

stream width 4.9-6.6 m) in western redcedar {Thuja p/Zcafa)— western hemlock {Tsuga

heterophylla) stands. The tree cavity nest was in the base of a 0.47-m diameter, hollow,

living cottonwood {Populus trichocarpa), 0.3 m from a rapids (velocity 1.7 m/sec). The
cavity opening (40 cm high x 37 cm wide) was 55 cm above the ground, the interior was

60 cm in diameter and 90 cm high. The base of the cavity was 50 cm below the opening,

nearly at ground level, which completely hid the hen from view. The nest was successful,

but the hen died during 1991 and the nest was not used by another hen in 1992.

The cliffcavity nest was in a mossy crevice located 3 m directly above the stream (velocity

1.3 m/sec) in a canyon between the bottom of a waterfall and a debris jam. Cavity opening

dimensions were 25 cm high x 64 cm wide; interior dimensions were 25 cm high x 30 cm
wide. This nest was unsuccessful (eggs were infertile) and was not reused the following year.

In 1 992 the hen nested successfully on an adjacent stream.

There was almost no human activity near either Idaho nest site although logging roads

were located 55-60 m above the stream and 1 50 m from both nests, and a power transmission

line crossed the stream just below the cliff nest. The road and the transmission line were

not visible from the cliff nest site. The road was visible from the tree nest site, although the

hen was unable to see out while incubating.

Adults were rarely observed near the Idaho nest sites. With one exception, all Harlequin

Duck observations were downstream from the tree cavity nest. Few Harlequin Ducks were



SHORT COMMUNICATIONS 693

observed using the stream where the clifi' cavity nest was located. Most prenesting obser-

vations of adults were on an adjacent, larger stream which the nesting hen also used during
incubation breaks.

Nests were just large enough to hold the eggs (clutch sizes 5, 7, 3). They were composed
primarily of gray-brown down and some white or white-tipped chest feathers. There was a

minor component of moss and twigs in the clifT nest and some woody material mixed in

with the feathers in the tree cavities. Authors reporting Harlequin Duck nests as being lined

with white down (Harrison 1979, Bellrose 1980) were probably referring to feathers; Har-

lequin Duck down is not white.

These nests establish Harlequin Ducks as both cavity and ground nesters. Although ground

nesting occurred in both study areas (Washington Dept, of Wildlife, Idaho Dept, of Fish

and Game, unpubl. data). Harlequin Ducks also nested in tree and cliff cavities when
available, even when located 14 m from water and nearly 25 m from the main stream

channel.
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First observations of the Blue-throated Macaw in Bolivia.— Since its discovery in the early

1 800s, the Blue-throated Macaw {Ara glaucogularis) largely has remained an enigma (Ridge-

ly. Conservation of New World Parrots, R. F. Pasquier, ed., pp. 233-384, Smithsonian

Institution Press, 1980; Ingels et al., Le Gerfaut 71:283-294, 1981; Forshaw, Parrots of the

World, Lansdowne Editions, 1989). Physical evidence of the species includes five museum
specimens of unclear provenance (Ingels, ibid.) and approximately 200 live birds that Bo-

livian bird dealers have acquired from anonymous bird catchers. Conservationists have

long assumed that this species is very rare and may be in immediate danger of extinction.

There have been no published, first-hand observations of the species in the wild and no

data to allow an assessment of its conservation status. Until now, there was not a single

confirmed locality or habitat type in which to begin a survey.

Here we report the first observations of wild Blue-throated Macaws in the department of

Beni in Amazonian Bolivia. The habitat is a seasonally-inundated mosaic of savannahs,

palm groves, and low species diversity tropical forest of short stature. Late in the afternoon

on 6 August 1992, C. A. Munn, Mariana V. Munn, and a local guide heard and momentarily

observed a pair of macaws flying to roost in trees in a 1 -ha island of trees in the savannah.

Even from hundreds of meters the calls of this species were distinguishably higher in fre-

quency and of different quality than those of the Blue-and-yellow Macaw (A. ararauna).

Between 06:30 and 08:30 h on 7 August 1992, the Munns and the guide photographed and

observed a pair preening and allopreening on a treetop in that same forest island. They also

discovered that the perch tree was above a live Acrocomia aculeata palm in which the pair

appeared to be excavating a nest cavity. The opening of the new cavity was approximately

14 m above the ground, and a typical pile of fresh palm fiber debris lay on the ground

beneath. In September 1992, a research team of NYZS the Wildlife Conservation Society

(WCS) began study of this excavating pair and of three other pairs at other nests located

within 10 km of the first nest site. The other nests were in cavities in the trunks of Attalea

phalerata palms. To date, we have observed 28 birds at two adjacent sites, and we have

heard local reports of two more populations of the species, each of which is more than 100

km from the present site.

The habitat where we found this species resembles that ofthe third-hand reports presented

by Forshaw (1989): “gallery forest along watercourses,” but this description requires elab-

oration. Subsequent observations of feeding ecology of this macaw suggest that it requires

the locally abundant palm Attalea phalerata at which they eat the sticky, sweet mesocarp

of the ripe and nearly-ripe fruits. They also ate the ripe or nearly-ripe mesocarp of fruits of

Acrocomia aculeata palms. On occasion the birds opened and drank the liquid from the

very immature fruits of both palm species.

Until the 1980s, there was uncertainty over whether this species differed from the larger.
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but otherwise similar, Blue-and-yellow Macaw, which third-hand reports suggested was
sympatric with the Blue-throated Macaw (Ingels et al. 1981). Our observations confirmed
this sympatry and showed that these macaws are outnumbered at our site by Blue-and-
yellow Macaws by a factor of twenty or more.
Our guide (38 years old) was the only person we have found in that part of the Beni who

in the past has trapped and traded large macaws. He reported that since 1977 he had caught

perhaps a total of 1000 Blue-and-yellow and Red-and-green Macaws (A. chloroptera) and
6—9 Blue-throated Macaws and sold them to specialized businessmen/bird dealers from a

major Bolivian city. In 1984, Bolivia outlawed this trade, and our guide stopped trapping

macaws and switched to wage labor. Nevertheless, he reported that a few wealthy bird buyers
in the major city still bought and traded small numbers of the most valuable, rarer macaws
whenever international dealers placed orders. Moreover, he reported that an Argentinian

bird dealer currently was offering illegal Bolivian dealers a high price for Blue-throated

Macaws.

Because the Blue-throated Macaw may be extremely rare, still has a high price on its

head, and is not yet assured protection from smugglers, we have chosen not to reveal the

localities of our study or the name of our guide. Rather, we shall first determine the species’

conservation status and implement measures for its protection. Scientists wishing further

information about the species may write to the second author, who, in conjunction with

Bolivian authorities, will evaluate each request.
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A probable bilateral gynandromorpbic Black-throated Blue Warbler.—Gynandromor-

phism is a rare phenomenon which has been reported in butterflies, birds, some small

mammals and, at least once, in humans (Hannah-Alava 1 960). The majority ofdocumented

cases ofgynandromorphism in birds have involved captive chickens, pheasants, and finches,

but there have been over forty cases in wild birds (Kumerlocvc 1987). Interestingly, the

vast majority of cases in wild birds have been in the family Fringillidae.

For bird species whose sexual differences in plumage characters arc controlled by genes,

rather than mediated by hormones, a gynandromorphic individual exhibits male plumage

on one half of the body and female plumage on the other half, usually with a sharp line of

demarcation separating the halves (Crew and Munro 1938). A bird showing this sharp

demarcation between the halves is said to be a bilateral gynandromorph. Male plumage is

on the right side of most bilateral gynandromorphs (Kumerlocve 1987), with the male

plumage corresponding to a testis on the right and the female plumage to an ovary on the
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left (Witschi 1961). Birds showing the female side on the right are “very rare” (Kumerloeve

1954) and occur in only about 15% of the cases.

On 24 October 1 987, 1 discovered an odd-looking Black-throated Blue Warbler (Dendroica

caerulescens), a rare but regular fall vagrant to California (Roberson 1 980, Garrett and Dunn
1981), at Stovepipe Wells in Death Valley National Monument, Inyo County, California.

The bird was also studied at length under ideal conditions by Brian E. Daniels, Jon L. Dunn,

Shawneen E. Finnegan, Paul E. Lehman, Curtis Marantz, Guy McCaskie, and John C.

Wilson. At first it appeared to be a typical male, but upon further inspection I could see

yellow on the underparts. We pursued the bird, believing it was perhaps a hybrid of some
sort. We eventually realized that the plumage was sexually dimorphic with respect to each

lateral half of the bird, with the left side appearing to be a male and the right looking like

a female.

The following description has been compiled from the field notes of McCaskie and myself

and from four color slides taken by Lehman. In size and shape, the bird looked like a

“normal” Black-throated Blue Warbler, but in plumage it was an aberrant individual that

showed both male and female characteristics. Its left side looked like a typical male, with

a dark blue crown, back, wing, and tail, a black throat, face, and side, and a white belly and

undertail coverts. It had a small white square at the base of the folded primaries. From the

front, the black throat could be seen to extend downward only on the sides. The center of

the throat was white, which “strongly suggests” a first-year male (fide K. C. Parkes). The

right side of the bird looked mostly like a female, with a dark olive back and wing, a dark

brown cheek with a thin whitish supercilium that widened to form a spot behind the eye,

a black wash to the side of the throat, and a buffy-yellow wash to the under parts. The
“female side” also had a white patch at the base of the folded primaries, but it was slightly

smaller than the patch of the “male side.” Viewed from below, the demarcation between

the white of the “male side” and the yellow of the “female side” was sharp, forming a

straight line along the longitudinal axis of the bird. Similarly, there was a sharp line of

demarcation between the dark blue and the dark olive down the center of the crown, nape,

and back. The legs were pinkish and looked similar in color, although the leg on the female

side appears to be duller and slightly darker in two of the photographs. The bird appeared

to be healthy; that is, it did not show any obvious deformities. Duplicates of the color slides

have been deposited in the Visual Resources for Ornithology (VIREO) archives, where they

have been given catalog numbers V06/1 2/00 1-V06/ 12/004.

Kumerloeve (1987) summarized all reports of gynandromorphs known to him, although

he did not mention some published cases, such as Tufted Duck {Aythyafuligula\ van Winkel

1983), several American ¥je:sXve\s{Falco sparverius', e.g., Brodkorb 1935, Parrish etal. 1987),

Bam Swallow (Hirundo rustica\ Hotynski and Szentendrey 1977), and the seed-finch and

seedeater records that I cite below. He also missed at least two (Cadbury 1973, Tordoff

1983) of the roughly ten Evening Grosbeaks {Coccothraustes vespertinus) that have been

recorded (Schaub 1960, Packard 1962, Layboume 1967). Since Kumerloeve’s paper, a

bilateral gynandromorph Pink-browed Rosefinch {Carpodacus rhodochrous) has been re-

ported (Alstrom and Olsson 1988).

In the Emberizidae, there are at least six published cases of bilateral gynandromorphism:

Green Honeycreeper {Chlorophanes spiza\ Neunzig 1924), Northern Cardinal (Cardinalis

cardinalis\ Laskey 1969), Rufous-sided Towhee (Pipilo erythrophthalmus', Laskey 1969),

Large-billed Seed-Finch (Oryzoborus crassirostris\ Filho and Teixeira 1 982), Double-collared

Seedeater {Sporophila caerulescens\ Sick 1967), and Orchard Oriole {Icterus spurius\ Town-

send 1882). In addition, a Great-tailed Grackle (Quiscalus mexicanus) showing bilateral

gynander characters in both plumage and skeletal stmcture was collected on Cozumel Island,

Mexico, in the 1 960s (K. C. Parkes in litt.). The record presented in this note is thus the
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first case of a bilateral gynandromorph in the subfamily Parulinae, and one of only eight

ever recorded in the Emberizidac.
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Opportunistic predation by a Great Blue Heron on an American Dipper.—Although most

wading birds feed primarily on fish, their diets frequently include other prey, including

aquatic and terrestrial invertebrates, amphibians, reptiles, small mammals, and other birds

(Cogswell 1977, Kushlan 1978). There are accounts of Great Blue Herons {Ardea herodias)

capturing and eating birds, including Black Rails (Laterallus jamaicensis) (Evans and Page

1986), phalaropes (genus Phalaropus) (Packard 1943, Merrifield 1992), and hatchling Black

Terns (Chlidonias niger) (Chapman and Forbes 1984). Most observations were made in

marsh or estuarine habitats where densities of other birds is relatively high. Here I describe

an observation of a Great Blue Heron preying on a solitary American Dipper (Cinclus

mexicanus) along a mid-size river in northern California.

This observation took place at approximately 12:00 h (PDT) on 27 August 1992 at the

South Fork Eel River where it flows through the Northern California Coast Range Preserve

in northern Mendocino County, California (39°44'N, 123°39'W). I first observed an adult

heron standing near the river margin in an area upstream of a large, shallow pool where a

portion of the river flows among several large, emergent boulders. The heron was partially

obscured by a thick clump of sedges. While observing the heron through binoculars (8 x

)

from a distance of approximately 50-60 m, a dipper landed on an emergent boulder 2-3 m
from it. The heron immediately turned its head in the direction ofthe dipper. After “dipping”

several times while walking around the top of the boulder, the dipper slipped into the river

in an area where the flow was approximately 30-50 cm sec“' and the depth was 12-15 cm.

Within a period of approximately 5 sec the heron took two rapid steps in the direction of

where the dipper entered the river, extending its neck and lowering its head close to the

water surface. Shortly thereafter it made a powerful lunge, submerging its head and the

upper half of its neck into the river, and emerged with the struggling dipper grasped in its

beak. Over a period of 2-3 min the heron manipulated the dipper in an attempt to swallow

it. Several times while holding the dipper in its beak the heron shook its head violently up

and down and from side to side, each time readjusting its grasp on the dipper. Three times

during this period the heron completely submerged the dipper in the river. Shortly after the

dipper stopped struggling (approximately 1.5-2 min), it was ingested head first, a process

that took approximately 10 sec. Approximately 4-5 min after ingesting the dipper, the heron

flew out of sight downstream. There was a noticeable bulge in the heron’s neck during this

time.

To my knowledge, this is the first reported observation of Great Blue Heron predation

on a dipper. Moreover, this observation illustrates the highly opportunistic nature of pre-

dation by Great Blue Herons in general: as stated by Kushlan (1978) “Somewhere, sometime,

individual wading birds have probably eaten just about any item that they could swallow.”
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ORNITHOLOGICAL LITERATURE

Audubon to Xantus: The lives of those commemorated in North American bird

NAMES. By Barbara and Richard Meams. Foreword by Dean Amadon. Academic Press,

London and San Diego, 1992: xx + 588 pp., bird drawings by Dana Gardner; maps and

portraits of biographers. $45.00.— In my enthusiastic review of “Biographies for Birdwatch-

ers” (1989. Wilson Bull. 101:658-659), the earlier book by the Meamses, I stated “It is

apparent that a book ofcomparable size could be compiled on those persons commemorated
in the names of North American birds. I wonder if, in North America, there is an author

or authors interested and willing enough to do such a superbly thorough job of it as has

been accomplished by Mr. and Mrs. Meams.” It somehow never occurred to me that this

challenge would be picked up, not by a North American, but by the Meamses themselves,

and they have indeed lived up to their own standards.

I may say parenthetically that I had wondered how the authors pronounced their name,

as I had heard a British colleague mention the name of the eminent American ornithologist

E. A. Meams as if it had the vowel sound “Meems,” whereas I had always heard the name
pronounced to rhyme with “terns.” Andrew Richford of Academic Press, who edited both

of the books in question, tells me that the name does indeed rhyme with “terns”.

There are 98 major biographical entries in the present book. Five names actually precede

“Audubon” alphabetically, but I can understand that “Abert to Xantus” would have less

public sales appeal. There is a brief general bibliography, and ample footnotes for each

chapter.

Next comes a 25 page Appendix with its own bibliography, devoted to “a miscellaneous

selection of naturalists commemorated by well-known races or hybrids, by recently obsolete

names, or by species that are only accidental visitors to the United States and Canada.”

There are 60 of these, ranging chronologically from Archilochus (c. 720 BC-c. 680 BC) to

the still living John Cox and Christian Jouanin. The Meamses, incidentally, properly identify

Archilochus as an early Greek lyric poet, famed for his savage satires, and point out that

the generic name (of the Ruby-throated and Black-chinned hummingbirds) is one of several

created for hummingbirds by H. G. L. Reichenbach in 1854 to commemorate classical

Greeks. Lest anybody still rely on E. S. Gmson’s “Words for Birds” for the derivations of

bird names (see my review, 1974. Auk 91:443-445), here is his explanation of the generic

name Archilochus: “Greek for ‘chief brigand,’ coined from archos, ‘chief or ‘first in im-

portance,’ and lochos, ‘ambush or a company of men.’ But why? Because the bird steals the

pollen from the flower and dashes away?”

The choice ofnames to include in the Appendix was obviously somewhat arbitrary. Almost

half of the 60 short biographies commemorate persons after whom subspecies were named.

Some of these names are still current in a vernacular sense, so biographies for William

Bullock and Lord Baltimore (for example) are obvious choices. Older readers of this review

will remember that in the A.O.U. Check-list through the 4th (1931) edition, English names

were assigned to every subspecies. I counted 44 persons whose names appeared in the English

patronymics in 1931 and who are not included in the Meamses’ book. A few, like Outram

Bangs and E. H. Forbush, were among the most prominent ornithologists of their day, and

perhaps need biographical entries less than do the more obscure honorees. To illustrate my
point, the names of all of the following nine people were attached to subspecies of ptarmigan:

can you identify Alexander, Chamberlain, Dixon, Evermann, Kellogg {not Peter Paul of

Cornell), Reinhardt, Sanford, Turner, or Welch?

Perhaps the most glaring omission from the Appendix is George Miksch Sutton (1898-

700
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1982), whose claim to a place in the list exactly parallels that of William Brewster (who is

included), being attached to a hybrid warbler first described as a new species.

Only two of the patronymics in the main entries were published by ornithologists now
living, and both cases involved renaming. When the Akiapolaau and the amakihis are

considered congeneric, Ileniignathus wilsoni (Rothschild) is preoccupied by an earlier wil-

soni, so in 1 979 Douglas Pratt renamed the Akiapolaau //. munroi, thus giving the Mearnses
justification for a five-page biography and portrait ofG. C. Munro (1866-1963). In the notes
for this chapter (p. 537), incidentally, the Mearnses were so used to writing the name Munro
with a u that they inadvertently spelled the name of Sibley’s co-author as “M unroe” instead

of Monroe.

In 1939 Allan Phillips found that the holotype of Empidonax wrightii Baird, the name
long used for the Dusky Flycatcher, was actually a specimen of Gray Flycatcher, so he

published a new description of the Dusky Flycatcher under the name E. oberholseri after

Harry Church Oberholser (1870—1963), who, incidentally, was the only figure listed in the

main body of the book whom I knew personally.

The editing of this volume was excellent, and I found few errors. One of the most un-

fortunate is the substitution of “1842” for 1942 as the date of publication of Hume’s
important “Ornithologists of the U.S. Army Medical Corps" (p. 165). In my experience,

British authors and editors tend to be a little shaky in New World geography, so it is not

surprising to find “Columbia” for Colombia on p. 203. I don’t know where the Mearnses

got the locality “Sierra del Ranges,” a suspiciously non-Hispanic-appearing locution, for

Gundlach’s discovery ofDendroica pityophila in Cuba; no such locality appears in the original

description.

In my review of “Biographies for Birdwatchers,” I suggested that the maps might better

have been collected together in the front or back of the volume instead of scattered through

the text, adjacent to the alphabetically first biography of several whose routes appear on a

single map. In the new book, the maps are still scattered through the text, but at least there

are page references to the maps included with the biographies. The maps themselves are

often vastly oversimplified; that on p. 498, for example, showing places visited by Couch,

McCown, Oberholser, and Wright, shows no state or international boundaries, whether

modem or historical; the names of four Mexican states are given, but of no U.S. states;

Tucson could be interpreted as being in Sonora.

The scratchboard illustrations by Dana Gardner are not unlike those of Darren Rees in

the earlier volume, but are much coarser in texture. Like Rees, Gardner has chosen some

highly unorthodox poses for his birds, and has made some unusual decisions as to what to

portray. He drew the “nothing-looking” female for Bachman’s Warbler; for one of the only

two species that appears twice, Oporornis tolmiei under both Tolmie and MacGillivray, he

chose to draw tv/o similar alternate-plumaged males, varying only the surrounding foliage.

For the Crested Honeycreeper, Palmeria dolei, which appears under both Palmer and Dole,

Gardner simply repeated the same picture. Strickland’s Woodpecker and the three doves of

the genus Zenaida are represented by study skins. The standing Leach's Petrel is a typical

1 9th Century museum mount, complete with numbered tag and stand. Brandt’s Cormorants

are mere silhouettes, doubtfully diagnostic beyond the generic level. Say’s Phoebe is even

less diagnostic; a silhouetted passerine whose apparent size depends on the size of the msty

old wheel it is perched on. Bulwer’s Petrel is far out to sea, and dubiously identifiable, but

that’s how petrels are usually seen! Cook’s Petrel has come somewhat closer to the boat.

Cassin’s Kingbird is represented by the upper portion of a utility pole and associated wires,

on one of which is perched a small passerine with a breast-band. A Henslow's Sparrow

could conceivably perch in a rosebush as drawn, but it is overwhelmingly a grassland species.

Gardner has completely missed the peculiar bill shape of Swainson’s Warbler, thus losing
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the Gestalt of the species. The Elf Owl is beautifully detailed, but so close in the foreground

that its status as the tiniest of our owls is not evident.

Lest these critical remarks weigh too heavily, I must also say that Gardner’s drawings do

add greatly to the appearance of what is already an attractively printed book. He has a keen

sense of design, which shows in some of his more complicated drawings. I particularly liked

the Bendire’s Thrasher at the nest, half hidden in a mass of cactus thorns. Some of his

drawings, like that of Clark’s Nutcracker, incorporate evocative landscapes. His desire to

use offbeat habitats or poses is wittily displayed in the drawing of a Townsend’s Shearwater

that has flown on shipboard at night.

As was true of my reading of “Biographies for Birdwatchers,’’ I picked up any number
of “gee whiz, I never knew that’’ facts. It had never occurred to me that the Townsend of

the shearwater and that of the solitaire and the warbler were two different men. The former,

Charles Haskins Townsend, was the Director of the New York Aquarium until 1937, which

means that I probably passed right by his office during my boyhood visits to that marvelous

old building at the Battery, the southern tip of Manhattan. John Kirk Townsend was a

contemporary of Audubon and Nuttall. The unique Emberiza Townsendi Audubon is still

described by the Meamses as possibly a hybrid or “the very last remnant of a now extinct

species.’’ They understandably missed my analysis of this bird (1985. Natural History 94

(4):88-92), in which I came to the conclusion that “Townsend’s Bunting’’ is an abnormally

pigmented Dickcissel.

As a museum curator, I have encountered many sad instances of inadequate care of

valuable specimens, but the description of the 20th Century vandalism of much of the

Edward Harris collection, mostly taken on his expedition of 1843 with Audubon, triggers

a helpless indignation comparable only to the effect of the story of the last mounted dodo

having been thrown in the fire by a museum custodian.

Mr. and Mrs. Meams have also added a most delightful word to my vocabulary. They

describe Gundlach in the following passage: “Constantly traveling, dressed simply in drill

and carrying little in the way of baggage, he became a henspeckle figure.’’ The Random
House Dictionary identifies “henspeckle’’ as a word from Scotland and the North ofEngland,

meaning “conspicuous; easily seen or recognized.’’

The Meamses have added so much to my historical knowledge in their two books that I

am delighted to be able to reciprocate with an item unknown to them. In their entry for the

Verreaux brothers (p. 472), whom they describe as “amongst the leading exponents of the

art of taxidermy,’’ they mention “one of their most ambitious and spectacular pieces . . .

an Arab courier mounted on a camel being attacked by two lions. It won a gold medal at

the Paris Exposition of 1 867 and was afterwards bought by the American Museum ofNatural

History at New York to help draw in the public.’’ In 1 899 the American Museum exchanged

this exhibit to the Carnegie Museum in Pittsburgh, where it is much beloved by the public.

It has been partially restored twice, and will be refurbished again to take its place near the

entrance of a new African Hall, opening in 1993, as part of the Carnegie’s centennial

celebrations.— Kenneth C. Parkes.

Storks, Ibises, and Spoonbills of the World. By James A. Hancock, James A. Kushlan,

and M. Philip Kahl; illus. by Alan Harris and David Quinn. Academic Press, London,

England. 1992: 385 pp., 49 color plates, 40 color photographs, 49 range maps, 148 tables.

$1 39.00.— Despite its large 9 x 12-inch format and generous 49-portrait series of original,

full-color art, “Storks, ibises and spoonbills of the world’’ is simply not a coffee-table book,

at least not a typical coffee-table book. True, the volume is handsomely illustrated, but the
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text accompanying the art is the real heart ol the book, and not vice versa. Unlike many
recent global treatments of avian taxa, the three co-authors of this work have seen, pho-
tographed, and, in many instances studied, all but eight of the 49 species described. As a

result, the work represents an honest, accurate, and eminently useful volume on one of the
more diverse associations of Ciconiiforms. The fact that the book is also well illustrated is

but icing on the ornithological cake. Indeed, in many ways the work is reminiscent of Leslie

Brown and Dean Amadon’s often cited 1968 classic, “Hawks, eagles, and falcons of the

world.”

The book’s text begins with an introduction, followed by a series of crisp and succinctly

written chapters on classification, conservation, courtship and reproduction, and feeding

behavior and ecology. The essence of the effort, however is a series of two- to nine-page

species descriptions of the world’s six species of wood storks and openbills, 13 species of

typical storks, giant storks, and adjutants, 23 species of ibises, six species of spoonbills, and
the Shoebill {Balaeniceps rex). Species’ accounts alone comprise 63% of the work. Although
some— including this reviewer— might quibble with several ofthe finer points ofthe authors’

taxonomy, the book provides thorough and surprisingly up-to-date accounts for each of the

species included.

Each account is accompanied by a useful range map. Presumably sedentary species are

depicted in blue, while migratory, or at least partially migratory, species are depicted in red

and green with arrows indicting their principal migratory pathways. A cursory perusal of

the maps shows 86% of the 49 species are, for the most part, nonmigratory; and that 61%
of the species have trans- or circum-equatorial distributions. The maps reveal such details

as the occurrence of a small (incipient?) population of nonmigratory White Storks (Ciconia

ciconia) in the extreme southern tip of Cape Province, South Africa. Depictions of species’

distributions, however, are a two-edged sword. The authors themselves suggest that, “Range

maps are always troublesome.” And indeed, many of those included in the book suggest far

greater precision in our understanding than actually exists. At least several of the maps are

incomplete. But, perhaps, that is why none is gridded longitudinally or latitudinally.

An exceedingly valuable 44-page tabular appendix presents both body and egg measure-

ments, together with regional egg-laying dates for each species. A 4000-entry bibliography,

compiled by Malcolm Coulter and the ICBP Storks, Ibises, and Spoonbills Group, is ap-

pended to the work. Regrettably, this extensive bibliography, which includes many references

that are not cited in the book, is not keyworded.

Each of the 49 described species is portrayed in full-color by Alan Harris (39 species) and

David Quinn (10 species). Most portraits manage to capture at least a field-guide gist of

each species, and several of the illustrations, including Quinn’s Marabou Stork {Leptoptilos

crumeniferus) and Harris’s Waldrapp (Geronticus eremita) and Bald ibises (G. calvus) are

striking works of art. None of the portraits is captioned. As a result, in the case of species

with distinctive subspecies’ plumages, it is not always clear which morph is being portrayed.

Although most illustrations portray breeding adults in typical poses, it would have been

nice— but perhaps prohibitively expensive— to have included color or black-and-white sketches

of nestlings, nests, and eggs as well. Harris and Quinn’s portraits alone merit placing the

book in a conspicuous location for browsing.

As is true for all too many avian taxa, the authors arc forced to concede that 20% of the

species depicted in their work are currently threatened or endangered and suggest that “in

the last 50 years populations of most storks, ibises, and spoonbills have been reduced by

at least half. . .
.” Given, as the authors indicate, that many of the species “epitomise a near

total dependency on water” and that wetland losses continue unabated in many regions of

the world, the prospects for a rapid tum-around in the situation seem faint indeed. One can
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only hope that when a second worldwide account of storks, ibises, and spoonbills is written

sometime in the 21st century, that the number of species treated remains the same.

In sum, Hancock, Kushlan, and Kahl are to be congratulated for providing the ornitho-

logical community, and Ciconiiform specialists in particular, with an extremely attractive,

practical, and timely reference to the world’s storks, ibises, and spoonbills. Although some
may question several of the details contained therein, “Storks, ibises, and spoonbills of the

world’’ reflects a monumental and successful joint eflbrt by three of a handful of experts in

the field who could have crafted such a work.— Keith L. Bildstein.

OiSEAux DE Guyane [The Birds of French Guiana]. By O. Tostain, J.-L. Dujardin, Ch.

Erard et J.-M. Thiollay. Preface de L. P. Sanite. Alauda-Societe d’Etudes Omithologiques,

Museum National d’Histoire Naturelle, 4 avenue du Petit-Chateau, 91800 Brunoy, France.

1992; 1-222 pp., 77 photographs, 1 18 range maps, 105 drawings. 260 French Francs + 35

Francs for postage.— Guyane, a French overseas department in northeastern South America,

is surrounded by Brazil, Surinam, and the Atlantic Ocean. It includes an area of about

90,000 km^, and most of the territory is covered by tropical rain forests except for a narrow

coastal belt of mangroves, plains, and savannas. Its topography is relatively flat, and its

higher areas do not exceed 800 m. Considering the ecological diversity of the territory, its

geographic position near the equator (between 2° and 5° latitude North), the diversity of the

bird fauna recorded in adjacent countries, and the attention given to the birds of that area

for several centuries, it is not surprising to find that nearly 800 species of birds may occur

within such a small area, as reported in the book.

Even if the book has an English sub-title, it contains little English text: the name of the

birds in the captions, a few titles, an extensive summary (pages 193-199) which includes a

very brief introduction to the bird fauna of Guyane, with a description of the habitats

recognized by the authors, and an index of English names. Otherwise the text is in French

which could be a serious problem for those not familiar with the language. Is this approach

more than a marketing strategy?

The authors provide a short section in which they describe briefly several of the best

birding places in the department and lists some of the characteristic species. The section on

species is the major part of the book. Each species account starts with the French, Latin,

English, Creole, and Brazilian names of the species. A brief section entitled ‘Habitat’ de-

scribes the environment in which the species occurs. The next section ‘Distribution’ deals

with the range of the species. It may contain a general statement based on the habitat where

it occurs and/or the names of the localities where the species has been recorded, which is

usually adequate to obtain a general overview of the species range in the department. An
attractive range map provides additional information on the distribution but is limited to

only 1 1 8 species. Although there is no extensive gazetteer, the localities used in the text are

listed with their coordinates in the introduction. A section on ‘Nidification’ follows and

varies much in length depending on whether the species breeds in Guyane or whether general

breeding information is available for that species. Finally, although there are no formal

descriptions in the entries, the section called ‘Diagnose’ contains details that will help the

reader to distinguish a given species from similar ones. The authors have added a list of

1 1 9 species known to occur in adjacent areas but yet to be recorded in Guyane. This may
be a stimulant to prospective “listers” planning to travel to this part of the world.

The design, color illustrations, photographs, maps, and the overall layout contribute to

make this book a very attractive production. It provides a good introduction to the birds

of Guyane and should encourage and attract bird watchers to this part of South America

where one can still find relatively undisturbed and extensive tropical forest habitats. In
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summary, in spile of its shortcomings, this little book will be useful to whoever plans a trip

to Guyane or to look for some of the rarer Neotropical species in the forests of northern
South America.— Henri Ouellet.

L OuRAGAN HuCK): GENESE, incidences GEOGRAPHIQUES ET ECOLOGIQUES SUR LA GUADE-
LOUPE [Hurricane Hugo: origin, geographic and ecological consequences on Guadeloupe].
Editors F. Pagney Benito-Espinal and E. Benito-Espinal. Parc national de la Guadeloupe et

Agence Guadeloupeenne de I’Environnement, du Tourisme et des Loisirs. Poinle-a-Pitre,

Guadeloupe. 1991: 208 pp., 72 photographs, 42 figures, 17 tables. No price given.— Hur-
ricane Hugo, the most violent hurricane to hit Guadeloupe in this century, caused serious

damage to the areas it encountered in its path on 1 6 and 1 7 September 1 989. The destruction

was particularly severe in parts of Guadeloupe. The purpose of this small book is to explain,

through a series of reports and articles by different authors, what hurricanes are all about

and to summarize the effects of Hurricane Hugo on Guadeloupe. The first part- explains

how hurricanes are formed, the kind of damage “Hugo” caused on Guadeloupe, and how
the territory was not devastated equally. The second part deals with its effects on the

vegetation, including all ecological types. The third part contains two articles. The first one,

by Edouard Benito-Espinal and his associates, treats of the hurricane’s impact on the bird

fauna of Guadeloupe and is well documented. The authors conclude that the hurricane did

not cause the disappearance of birds even in the most severely damaged areas. Bird pop-

ulations declined a week or so after the storm but soon regained their previous levels as

demonstrated by the data obtained on Bananaquits (Coereba flaveola). The authors show

that the Bananaquit population of a study area had reached, a month after the storm, the

levels it had in previous years (1987, 1988) but that the structure of the population had

changed. They conclude that this hurricane appears to have had little effects on bird pop-

ulations in Guadeloupe and that its main effect was the displacement and modification of

populations in different parts of the islands. The second article describes the consequences

of the hurricane on the coastal ecosystems. In the last part, it is concluded that, a year after

the cataclysm, although most ecosystems of Guadeloupe have regenerated rapidly, the con-

sequences of Hugo’s passage will be seen and remembered for a long time. It is hoped that

additional information on avian populations will be available in the near future to determine

the effects of the storm on the entire bird fauna of Guadeloupe. In conclusion, I found this

small book well-produced, attractively illustrated, as well as properly documented. It will

be useful to anyone interested in the effects of severe tropical storms on the environment,

and I take pleasure in recommending it to ornithologists, biologists, and to all who have an

interest in Guadeloupe or the Caribbean Region in general.— Henri Ouellet.

Finding Birds in the National Capitol Area: Second Edition. By Claudia Wilds.

Smithsonian Institution Press, Washington and London. 1992: 267 pp., unnumbered maps

and illustrations. $ 1 4.95, paper cover.— Maps of the world are constantly changing with the

politics of the day and just as maps gel out of dale, guides to finding birds also quickly go

out of date. They must either be periodically replaced or they become increasingly obsolete

with the passage of time. The problem is more than a loss of local wetlands and woods or

even the changes from new highways and access points. There are just more birders out

there explonng new areas for that potential rarity. Along the way, these birders discover

more and more places to go to see birds.

In 1983 the first edition of this work was hailed as a new standard m bird finding guides.



706 THE WILSON BULLETIN • Vol. 105, No. 4, December 1993

Those accolades were richly deserved. This revised edition improves on that strong foun-

dation. There are actually more places to bird in the region around Washington now than

there were 10-15 years ago. These locations, for the most part, were largely unexplored, but

we now can benefit from the legions of local birders who visit these spots on a regular basis.

Claudia Wilds has tapped into that reservoir of information and expanded the coverage.

The revised edition contains nearly 25% more pages devoted just to directions, maps, and

other detailed information regarding finding birds in the region.

This second edition follows the same basic outline, although a few of the chapters have

been renamed. All chapters and maps have been extensively revised. Coverage extends from

extreme western Maryland to the Delaware marshes, south to the Outer Banks of North

Carolina, westward to the Blue Ridge of central Virginia, and the mountains to the west.

Precise directions are given to each area. Many tips on time of day or year are offered;

others provide important information once the reader has arrived at the location. All mile-

ages have been rechecked, routes rerun, and new roads taken into account. Many of the

rarities seen in recent years are mentioned, but the observer is warned not to expect them

on any given visit. Many of the subsections or chapters have been supplied by the experts

who have extensive knowledge ofa particular area. The author is an expert on Chincoteague,

Virginia; this chapter alone is well worth the guide’s modest price.

I carefully checked several of the chapter accounts against my own experience and found

none of the choice stopping or access points left out in their mile-by-mile directions. As
with any such work, any reviewer could still find a favorite local birding spot left out (mine

was Patuxent River State Park near Olney, Maryland, for warblers, flycatchers, and winter

sparrows, but with so many to choose from in the immediate vicinity of Washington, one

cannot fault the author for leaving out some close-in areas. I believe the only major birding

area, within the total region covered, that should have been included is that ofthe Allegheny

Front of West Virginia for summer and fall birding. Dolly Sods and the other nearby West

Virginia mountain areas are no farther than Garrett County, Maryland, or Highland County,

Virginia.

All the species that regularly occur in the region are amply covered. The index or the

species accounts of Chapter 3 often refer the reader to a half-dozen or more sites for finding

a given species. All the maps have been redrawn and appear in a crisper, more detailed

format than in the first edition. There are special chapters on finding owls, pelagic trips, and

hawk watching. The latter of these three is worth the price of the book alone. I, for one,

can hardly wait to visit that more accessible spot described just north ofworld famous Hawk
Mountain, Pennsylvania.

Throughout the text there are ample notes on how and when to locate some of the more
difficult birds (e.g., rails) once you get there. Some places require extensive hiking to get to

some of the best birding areas (e.g., Assateague, Chincoteague), and their directions come
with ample warnings about the insects and distances involved. Midwinter to summer, spring

and fall, all seasons are covered, with the appropriate stress placed upon each area’s best

times for particular species. A wealth of information on driving times and suggested trips

is provided for the weekend birder.

One of the most important themes throughout the text and in a new appendix concerns

birding ethics. Even though most of the areas discussed are in the public domain, neither

the habitat nor the birds can withstand thousands of bird-watchers if they do not practice

sufficient restraint. While the number of birders increases, the amount of natural habitat

continues to dwindle. Paths to the same tree for the same bird would soon be worn bare

without some serious concern for the welfare of the habitat and the birds. Claudia Wilds

strongly cautions her readers to be concerned about their individual impact on the envi-

ronment and the birds.
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The very few typographical or cartographical errors that 1 was able to find do not pose
any problem. The map of the Bombay Hook National Wildlife Refuge road system is still

misleading, but everyone uses the refuge’s own map so this is not an obstacle.
Anyone who has the first edition should replace it with this revised edition if he or she

wants to find all the new birding spots’ or revisit an old site after many years absence.
Anyone contemplating visiting the U.S. Capitol will find this an excellent guide. Public
transportation is described in the immediate vicinity of the downtown area. There are many
great birding places amidst the numerous parks and monuments of Washington. This book
also remains a model for anyone contemplating writing a bird finding guide to her or his

region. The nominal price is well within the means ofany birder. This is a must-have birding
book for any active birder who lives in or visits this area.—Jay M. Sheppard.

The Audubon Ark: A History of the National Audubon Society. By Frank Graham,
Jr. with Carl W. Buchheister. Alfred A. Knopf, N.Y. 1 990: 334 pp., numerous b/w photos.—

George B. Grinnell’s editorship of “Forest and Stream Magazine’’ in the late 1870s lead the

campaign to outlaw market hunting and toward other reforms, including prevention of the

widespread killing of birds.

In 1883, the AOU was founded in New York, and in 1886 issued the “Model Law,’’ the

basis for state laws to segregate and protect non-game from game birds. Through lobbying

efforts, the Bureau of the Biological Survey was established.

Between 1876 and 1 886, wagonloads of herons and shorebirds were removed from Florida

by meat and plume hunters, and the AOU estimated that five million birds of 50 species

in North America alone were sacrificed annually. In 1886, Grinnell proposed the formation

of an association for the protection of wild birds to be called the Audubon Society. In

February 1887, Grinnell published the first issue of The Audubon Magazine but was forced

to abandon it in 1888.

On February 10, 1886, the Massachusetts Audubon Society was formed in Boston. The

movement grew rapidly, and within two years chapters in 17 states had been established.

Massachusetts Audubon began to push for passage of the Model Law.

The heart of the bird protection problem lay with the millinery industry in New York

City. In 1900, the Lacey Act was passed by Congress, prohibiting interstate shipment of

birds and other animals killed in violation of state laws. The same year, William Dutcher

took over the Massachusetts Audubon Society, and with vital fundraising help from Abbot

Thayer, originated the sanctuary and warden system.

By 1901, there were 36 Audubon Societies in the country, but they were not united by

modem transportation and communication systems. With the founding of Bird-Lore (later

Audubon Magazine) in 1899, Frank M. Chapman of the AMNH reunited the faltering

Audubon movement. In 1906, Dutcher hired as secretary a young college instructor from

North Carolina, T. Gilbert Pearson.

Theodore Roosevelt became president in 1901. In 1903, Roosevelt established the first

U.S. wildlife refuge (Pelican Island, FL), the first of 53 before the end of his presidency.

On July 8, 1905, a plume hunter in Florida shot Audubon warden Guy Bradley and got

off Scot-free. The public responded with empathy and outrage, and support for feather

fashions began to wane.

Audubon actively promoted passage of several laws early in this century that protected

birds, including the Audubon Plumage Bill, Bayne Bill, Weeks-Mclean Bill, Norbeck-An-

dregen Bill, and the Migratory Bird Treaty. Within eight years of Guy Bradley's murder,

the traffic in wild bird plumages went wholly underground.
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Upon Dutcher’s death in 1920, Pearson succeeded him at the helm and led Audubon for

the next 30 years. In 1934, John H. Baker replaced Pearson as head of Audubon, where he

was to remain for the next 25 years. He built an elite staff of young ornithologists, including

Roger Tory Peterson and Robert P. Allen. Vigorous new educational programs under RTP
succeeded. Between 1910 and the early 1940s, more than nine million children had become

members.

In 1934, after 36 years, Frank M. Chapman retired as editor of Bird-Lore. Grinnell died

in 1938 at the age of 89, and the next year the Biological Survey became the U.S. Fish and

Wildlife Service. Bird-Lore was renamed Audubon Magazine in 1940, and the “National

Association ofAudubon Societies” became “The National Audubon Society” (NAS). Land

bequests to National Audubon increased in the 1 940s, resulting in numerous new sanctuaries

and Audubon camps throughout the country.

After World War II, several milestone works were published as National Audubon Society

Research Reports, including works on the Ivory-billed Woodpecker, California Condor,

Roseate Spoonbill, Whooping Crane, and the Greater Flamingo.

NAS helped lead the crusade that led to passage of the Wilderness Bill in 1964. It gave

wilderness status to extensive remote areas on public lands.

In 1968, Elvis Stahr II was named president. He prevented the damming of Kentucky’s

Red River Gorge and led the successful fight against a huge Everglades jetport. The Florida

Barge Canal was killed by President Nixon when he read about it in Audubon Magazine.

Audubon Field Notes was redesigned and the name changed to American Birds in the 1970s.

In 1969, multimillionaire-adventurer George Whittell, Jr., bequeathed NAS more than

twelve million dollars. With it, valuable habitat was procured, sanctuaries added to and

new ones established, and research on endangered and threatened animals was funded.

Russell W. Peterson became president in 1979 and brought a global outlook to Audubon
but was ineffective in Washington because “The election of Ronald Reagan brought in an

administration whose leaders were more hostile to conservation principles than any other

since the heyday of natural-resource exploitation in the nineteenth century.”

Peter Berle became president in 1985. At this time, a financial crunch was apparent due

to the oil glut. Operating expenses were increasing rapidly, and the society almost collapsed

in 1987. Only widespread Draconian financial cuts saved Audubon from bankruptcy.

A shortcoming of this book is the lack of a table of contents. Another is the absence of

chapter titles and list of illustrations. This makes it especially difficult to locate specific

photographs.

The Audubon Ark is a treasure trove of fascinating and often humorous stories about

famous ornithological personalities and their work, and it is replete with important and

often hard to locate historical references. The many valuable photographs retrieved from

NAS archives greatly enhance the well-written text. It is a valuable history ofthe conservation

movement in this country and belongs in every school and on the bookshelf of anyone

interested in wildlife preservation.—Jack D. Tyler.

Oklahoma Bird Life. By F. M. and A. M. Baumgartner. Univ. of Oklahoma Press,

Norman, Oklahoma. 1 992: 443 pp., 5 1 color plates, 3 maps, 26 tables, 1 59 photos. $49.95.—
This long-awaited book lives up to its advanced billing. Quarto size, it is bound in durable

blue cloth, and the paper is ofhigh quality. Spelling and grammatical errors are comparatively

rare. Preliminary sections give background and explanatory information, including a check-

list ofOklahoma birds (through 1987) that follows the latest AOU checklist (1983). Seasonal

and regional statuses for each of 447 species are listed, plus the color plate number where

each is illustrated in the center of the book.

Part I begins with a comprehensive historical account of ornithological investigations in
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the state. Next comes a briel listing ol the 83 residents, 98 summer residents, 69 winter
residents, 85 migrants, and 19 visitors of regular occurrence in the state. Together with the
93 species listed in Appendix A (stragglers) and the live in Appendix B (extirpated species),

the overall number of species known for Oklahoma is 452. By region, 231 species are found
state-wide, 59 primarily in the east, 40 in western Oklahoma, and 24 in the far western
Black Mesa country.

A strong point of this book is the 20-page section that treats the ecology of Oklahoma’s
avifauna. Tables, maps, and 20 photographs supplement short discussions of the physical

and biological factors characterizing the nine biotic associations of the state. The map
illustrating these should be consulted before the book is explored further. Tables of typical

nesting species in each of these areas are helpful.

The following segment explains how birds can be attracted through careful selection of

plantings by region (Table 7) and foods preferred by various species (Table 8). In the next

sections, economics, conservation, and educational aspects of birds are considered, as well

as banding information. Especially useful are analyses of the annual state Christmas Bird

Counts and Breeding Bird Surveys.

Part II, covering 357 pages, constitutes the bulk of the book. A brief discussion of each

of the 5 1 families occurring in Oklahoma is preceded by a small line drawing of a repre-

sentative species by Wallace Hughes. The geographical (eight regions), numerical (seven

categories), and seasonal (five time periods) status is given for each species, together with

comments on behavior, preferred habitats, history, and conservation. Also included are

population and nesting data gleaned from Breeding Bird Surveys, Breeding Bird Censuses,

and Christmas Bird Counts. This section updates through 1986 records in “Oklahoma birds”

(Sutton 1967) and “A Check List of Oklahoma Birds” (Sutton 1974). The authors have

done an admirable job of collating information from a variety of sources, and this, the most

scientifically valuable part of the book, appears to be quite thorough. Many useful supple-

mentary tables and drawings are strategically placed throughout.

The centerpiece of the volume consists of 5 1 color plates by Wallace Hughes depicting

257 species of regular occurrence in Oklahoma. The general quality of these paintings is

quite good, particularly the owls and cuckoos shown on Plates 21 through 23, the picids in

Plate 25, the grosbeaks on Plate 40, and the gallinaceous birds on Plate 14. The worst color

aberration occurs on Plate 50 where the Orchard Orioles {Icterus spurius) are apple green.

The pen-and-ink drawings preceding each family write-up are generally good, but the

male American Goldfinch {Carduelis tristis) appears inexplicably both before the family

Fringillidae and between the Sittidae and Certhiidae on page 267. The photographs are good

to excellent, and the Baumgartners made use of a variety of sources, including many Okla-

homa photographers. However, the Wood Ducks {Aix sponsa) on page 84 are badly out of

focus, and a major oversight is the Red-headed Woodpecker {Melanerpcs erythroccphalus)

on page 216 that should be vertical, not horizontal.

There are several inconsistencies in Appendix A, “Stragglers in Oklahoma.” In brackets

are 35 species said to be “.
. . through 1 987, sight records only, unsubstantiated by specimens

or photographs.” But five of these accounts clearly state that the bird was photographed,

and for three others, pictures that had been published in the Bulletin of the Oklahoma

Ornithological Society are not noted. In some places, full citations of references are given,

but only author and date in others, many of which were omitted from the Literature Cited.

There is a good deal of wasted space in this volume. For instance, on page xxvii, only

seven lines are used at the topi P^ge xxiv and 6 are blank, and pages 5, 42, 48, 416, 422,

and 425 are also extravagantly spacious. Conversely, Appendix E on page 423 is badly in

need of more space between lines.

Confusing is the authors’ referral in the Preface and on page 423 to The Scissortail
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(newsletter of the OOS) as the Scissortail Bulletin and The Scissortail News-Bulletin, re-

spectively, because the society’s journal is also called the Bulletin.

Taken altogether, “Oklahoma bird life” is an impressive work. It represents the end

product of a very long labor of love by the authors and will be the standard reference for

both laymen and scientists for many years to come.—Jack D. Tyler.

On the Biology of Five Species of Swifts (Apodidae, Cypseloidinae) in Costa Rica.

By Manuel Marin A. and F. Gary Stiles. Proceedings ofthe Western Foundation ofVertebrate

Zoology. Vol. 4, No. 5., 1992: pp. 286-351, 2 color plates, 36 text figures, 13 numbered

tables. $15.00 (W.F.V.Z., 439 Calle San Pablo, Camarillo, CA 93010).—As Marin and Stiles

point out, swifts “are among the least studied neotropical birds. This is especially true of

the subfamily Cypseloidinae, members of which typically fly very rapidly, often erratically,

and usually high above the ground covering great distances in the course of their daily

foraging.” This volume fills a near void in our knowledge ofthe breeding biology and foraging

ecology oftwo species, the White-chinned Swift {Cypseloides cryptus) and Spot-fronted Swift

(C. cherriei), and adds substantially to what has already been published on the Chestnut-

collared Swift (C. rutilus) and the Central American population, of the Black Swift (C. niger)

and the White-collared Swift [Streptoprocne zonaris). Marin and Stiles have utilized a pre-

viously overlooked concentration of nests of these swifts, only 1 3 km from the capital city

of San Jose, to provide extensive information on nests and nest sites, eggs, chick behavior,

and diet. Their data on wing shape, wing area, flight characteristics, and nest building are

the first of their kind for this subfamily.

This study reinforces the view that no salivary glue, typically used by swifts in the Chae-

turinae and Apodinae, is found in the nests of the Cypseloidinae. They further document

that the strong adherence of some nests to damp shaded rock surfaces may be due to an

actual “rooting” to the substrate by the living mosses and liverworts used in nest construc-

tion.

The detailed analysis of natal, Juvenal, and adult plumages, enhanced by two excellent

color plates executed by John Schmitt, should dispel several lingering misconceptions re-

garding age and sex plumage differences in these swifts. Although the data on nestling growth

are thin, due to widely spaced visits to the study area, they are sufficient to show interspecific

differences, particularly the extended nestling period (65-70 days) found for C. cherriei. This

is the longest prefledging period documented for any swift species, including those with an

adult mass several times greater than that of the diminutive C. cherriei (adult mass 22.46

g-)-

This volume greatly reinforces the overall picture derived from previous studies, mostly

of C. rutilus and temperate nesting C. niger, of birds utilizing a damp, dark, nearly predator-

free environment near, or at times behind, waterfalls. They have a reduced clutch size (1

or 2), slow nestling growth and prolonged fledging period, utilizing a diet emphasizing

temporally and spatially clumped insect food resources such as swarming Hymenoptera and

Isoptera. Even so, their discussion makes it clear that there is still much to be learned about

these swifts. This is especially true when considering that very little is known about several

other Cypseloides species, and the nests and eggs are still unknown for the White-breasted

Swift (C. lemosi) and newly described White-faced Swift (C. storerr, Wilson Bull. 104(1992):

55-64).

The most controversial suggestion eminating from this study is the suggestion that C.

rutilus and the Tepui Swift (C. phelpsi) should be transferred from Cypseloides to Strepto-

procne. This would unite in one genus all of the collared (partial or full) species which lay

two-egg clutches despite the enormous difference in their adult size. Several characteristics.
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including lighter grey semiplume covering of nestlings and more rapid chick growth, support
this new alignment. Intriguing though this is, a more thorough analysis of skeletal mor-
phology of the whole subfamily as well as genetic and biochemical characteristics should

be undertaken before this proposal is totally accepted.

Like any good study, this one provides not only a strong data set for others to build on,

but it also points the way for further useful investigations of these birds which show such

singular adaptations even within as distinctive a group as the swifts. This well produced

and illustrated volume has much which will be interesting reading for a wide spectrum of

avian biologists, and it is a “must-have” reference for swift enthusiasts.—Charles T. Coluns.

ALSO RECEIVED

The Birds of Tikal. By Randell A. Beavers. Texas A&M University Press, College

Station, Texas, 1993: 153 pp., colored cover painting, 16 black-and-white photos, 3 maps.

$29.59 (cloth), $12.95 (paper).—The archaeological site at Tikal, Guatemala, has become

an attractive port-of-call for the world-travelling birder. The present book consists mainly

of a conventional checklist with bar graphs showing seasonal and habitat occurrence of the

404 species known for the Department of Peten. A Supplemental Species Account provides

short annotations that update the information in Smithe”s “The Birds of Tikal” (1966).

Most of these are sight records by visitors to the area, but an appendix lists those species

for which specimens have been taken and gives literature citations for those records. The

first-time visitor to Tikal will find this book to be a useful adjunct to his field guide.—

G.A.H.

Bibliographie d’Ornithologie Fran^aise 1945-1965, By Yves Muller. Secretariat de

la Faune et de la Flore, Museum National d’Histoire Naturelle, 57 rue Cuvier, 75231 Paris

Cedex, France. 1992: 260 pp., 230 FF.—An invaluable compilation (in French) of 2400

references, together with a Geographic Index and a Taxonomic Index to these citations.—

G.A.H.

UccELLi. I, By Pierandrea Brichetti, Paolo De Franceschi, and Nicola Baccetti, Eds., Fauna

D’ltalia Vol, XXIX, Calderini, 31 Emilia Levante, 40139, Bologna, Italy. 1992: xxviii &
920 pp., 40 colored plates. No price given,—The first volume (in Italian) of an ambitious

monograph on the birds of Italy covering the families Gaviidae through Phasianidae in the

Wetmore order.— G.A.H.
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PROCEEDINGS OF THE SEVENTY-FOURTH
ANNUAL MEETING

John L. Zimmerman, Secretary and John A. Smallwood,

Acting Secretary

The Seventy-fourth Annual Meeting ofthe Wilson Ornithological Society was held Thurs-

day, 29 April through Sunday, 2 May at the Arboretum Centre, University of Guelph,

Guelph, Ontario, Canada in joint session with the Society of Canadian Ornithologists. The

local committee, chaired by Alex L. A. Middleton, was composed of Tom Ashby, Pam
Bessey, David Brewer, Chris Earley, Lori Ferguson, Graeme Gissing, Mike LePage, Lois

McCullough, Chris McKinnon, Mark Miller, Valerie Olson, Paul Stack, Vernon Thomas,

Harry Vogel, and Sarah Wilkinson. The meeting was hosted by the Department of Zoology

and the Arboretum Centre of the University of Guelph and the Guelph Field Naturalists’

Club.

The Council met from 13:14 to 18:1 1 on Thursday and from 16:48 to 18:23 on Friday

in the Arboretum Centre Board Room. On Thursday registration for the 131 guests and

members was followed by an evening presentation and exhibition, “Birds in Wood,” by

Uta Stelive at the Faculty Club in the University Centre, and an informal reception. The
opening session on Friday convened in the Auditorium of the Arboretum Centre at 08:30

where the societies were welcomed by Alex (Sandy) Middleton. President Richard Banks

responded for the Wilson Ornithological Society, and President J. Bruce Falls responded

for the Society of Canadian Ornithologists.

The scientific papers session, which included contributed papers and symposia on Un-
dergraduate Outreach in Ornithology convened by Dan Tallman and Monitoring Bird Pop-

ulations: The Canadian Experience, convened by Bruce Falls, met in the Audiorium and

Board Room of the Arboretum Centre. Posters were presented on Saturday in the Sun

Room. The evening program on Friday offered an opportunity to “catch a glimpse” of

woodcock mating displays, an illustrated talk by Michael Bradstreet on the Long Point Bird

Observatory, a Bird Quiz, as well as a congenial social time with light refreshments. Field

trips to local areas were conducted on both Friday and Saturday mornings, while extended

field trips on Sunday included the Wild Bird Clinic of the Ontario Veterinary College, the

Royal Botanical Garden (“Coot’s Paradise”) in Hamilton, Long Point Bird Obervatory, and

Luther Marsh.

A social hour preceded the annual banquet, which was held in the University Centre. Dr.

Ian Barker offered a banquet address on “Lyme Disease.” After the banquet the following

awards were presented:

EDWARDS PRIZE (for the best major article in volume 104 of The Wilson Bulletin)

Michael A. Schroeder and Clait E. Braun, “Greater Prairie-Chicken attendance at leks

and stability of leks in Colorado.” Wilson Bull: 104(2):273-284.

LOUIS AGASSIZ FUERTES AWARD

David G. Haskell, “A comparative study of the begging behavior of nestling warblers.”

MARGARET MORSE NICE AWARD

Juan Martin Nunes Chas, “Feeding biology and habitat use studies of the Strigiformes in

the Punilla Valley, Cordoba, Argentina.”

712
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PAUL A. STEWART AWARDS

Serge Brodeur, Home range and migratory movements of Golden Eagles breeding in

Hudson Bay, Quebec.”
Anthony Elliot, Evaluation of damage to citrus fruits by frugivorous birds in Stann

Creek, Belize.”

Steven Kock, The effect of landscape pattern on the demography of neotropical migrant
birds.”

Cynthia Parr, “Social organization in the American Crow.”
Bonnie Stout, “The molt and fall migration of the Red-necked Grebe.”

ROGER TORY PETERSON INSTITUTE TRAVEL AWARDS

Brian D. Peer, “Explanations for the lack of parasitism ofthe Common Grackle (Quiscalus

quiscula) by the Brown-headed Cowbird {Molothrus ater)."

Vladimir V. Pravosudov, “Social organization of the Eurasian Nuthatch.”
Drew J. Hoysak, “Morphological, hormonal, and other factors influencing Mallard dom-

inance over American Black Ducks.”

ALEX.ANDER WILSON PRIZE (for best student paper)

Kevin M. Brown and Michelle Woulfe, “Adoption in Ring-billed Gulls.”

Selection committee for the Edwards Prize— Charles Blem, chair, John Hagan, Scott

Robinson, and Chris Stinson; for the Fuertes, Nice, and Stewart Awards— Judy McIntyre,

Gary Nuechterlein, chair, and Richard Stiehl; for the Wilson Prize— Dick Conner, Judy

Mclnytre, Craig Rudolph, and John Smallwood; for the Peterson Travel Award— Paul A.

Benke, Dick Conner, chair, and Lynn Moseley.

HRST BUSINESS MEETING

The first business meeting was called to order by President Banks at 08:42 on Friday, 30

April, in the Arboretum Centre Auditorium. The membership was asked to stand by John

Smallwood, acting for Secretary Zimmerman, in honor of fellow members who had died

since the last annual meeting— Pierce Brodkorb (Gainesville, FL), Maurice G. Brooks (Mor-

gantown, WV), William F. Drury (Bar Harbor, ME), Richard E. Fitzner (Benton City, WA),

William G. George (Cobden, IL), Paul W. Mcllheny (New Orleans, LA), Gordon M. Meade

(Pittsford, NY), Humphrey A. Olson (Vincennes, IN), Thomas C. Savage (St. Paul. MN),

Robert F. Vane (Cedar Rapids, lA), Lawrence H. Walkinshaw (Holt, MI), Harold F. Wing

(Jackson, MI), Merrill Wood (State College, PA), and R. A. Yeatter (Champaign, IL).

President Banks reminded the membership that the resolutions were posted for member

perusal.

Judy McIntyre, in the absence of Research Awards Committee chair Gary Nuechterlein.

announced the winners of the Fuertes, Nice, and Stewart Awards. The Peterson Travel

Award winners were announced by First Vice-president Dick Conner.

President Banks introduced Don Jenni, who invited the membership to participate at the

joint annual meetings of the Wilson and Cooper Ornithological Societies and The American

Ornithologists’ Union in Missoula, MT, 21-26 June 1994.

President Banks presented the report of the nominating committee (Mary A. Clench,

chair, William E. Davis, Jr., and Fred E. Lohrer): Richard N. Conner, President; Keith L.

Bildstein, First Vice-president; Edward H. Burtt, Jr., Second Vice-president; John L. Zim-
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merman, Secretary; Doris J. Watt, Treasurer; and Laurie J. Goodrich and Donald F. Cac-

camise. Elected Council Members for 1994-1996.

Sandy Middleton made announcements regarding field trips, papers presentations, and

the banquet. Bruce Falls made announcements for the members of the Society of Canadian

Ornithologists, and Keith Bildstein commented on the scientific program. The meeting was

adjourned at 09:03, probably by George Hall.

SECOND BUSINESS MEETING

The second business meeting was called to order by President Banks at 1 3:32 on Saturday,

1 May, in the Arboretum Centre Auditorium. John Smallwood, in the absence of John

Zimmerman, presented the following summary of the Council meeting. The present mem-
bership in the Society is 2250, a 3 percent increase over last year. The 1994 meeting will

be in joint session with the Cooper Ornithological Society and The American Ornithologists’

Union in Missoula, MT on 21-26 June. Because of the large attendance expected, members
are encouraged to present posters rather than papers. The Wilson Society has received an

invitation to hold its 1995 annual meeting in Williamsburg, VA in April. Charles Blem was

unanimously elected to serve another one year term as editor of The Wilson Bulletin. The

Council is deeply appreciative to Charlie for a job well done! It was passed that Buck Edwards

and George M. Sutton (deceased) be recognized for their contributions to the Society

by being designated as Patrons. The Council authorized Doris Watt, our Treasurer, to hire

professional accounting services for the Society’s IRS return, and her authorization to spend

discretionary funds was reaffirmed. Furthermore, the Council changed the Society’s fiscal

year from the calendar year to July through June. The Fuertes, Wilson, and Nice funds will

no longer be accounted separately, and the amounts of the awards were fixed, beginning

next year, at one Fuertes Award for $600, one Nice Award for $200, and one Wilson Prize

for $200.

Doris Watt presented the treasurer’s report.

REPORT OF THE TREASURER
1 January 1992 to 31 December 1992

GENERAL FUNDS

Balance Forward $ 94,549.36

Receipts

Regular and sustaining memberships $ 41,962.75

Student memberships 5,256.00

Family memberships 306.00

Total dues

Subscriptions for 1992 $ 30,079.00

Back issues 255.00

Contributions from authors for page charges 13,630.19

Total income from the Bulletin

Contributions to The Van Tyne Library $ 523.00

Contributions to General Endowment (Life Patrons) 2,625.00

Contributions to the Research Fund 104.00

Contributions to the Roger Tory Peterson Fund 2,000.00

Contributions to the General Endowment 436.00

Unrestricted contributions 389.00

Total contributions

$ 47,524.75

$ 43,964.19

$ 6,077.00
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Interest from endowments 18,016.10
Dividends from Dreyfus account 2,634.42
Interest from checking account 913.66

Total income from interest and dividends

Newsletter subscriptions

List rental

Microfilm

Meeting refund

Miscellaneous

TOTAL RECEIPTS

Disbursements

Bulletin Publication

December 1991 $ 21,786.07

March 1992 19,205.76

June 1992 17,084.02

September 1992 16,723.11

Editor’s expenses 5,152.64

Total publication costs

OSNA expenses $ 9,790.00

Postage 623.68

Telephone 157.19

Secretary’s expenses 49.70

Treasurer’s bond 105.00

Bank deposit slips 15.00

Incorporation fee 5.00

CPA (Tax filing) 350.00

Back issue storage 75.30

Advertisement (Allen Press) 400.00

Meeting advance 700.00

Van Tyne Library 99.78

AAZN and ICBP dues 300.00

RTP refund 100-00

Total operating expenses

Roger Tory Peterson Award $ 900.00

Wilson Award 200.00

Edwards Prize 400.00

Stewart Awards 1,500.00

Fuertes Award 500.00

Nice Award 200.00

Total awards

Endowment fund transfer

TOTAL DISBURSEMENTS

Ending Balance

$ 21,564.18

187.24

2,615.97

141.08

3,166.35

40.52

$125,281.28

$ 79,951.60

$ 12,770.65

$ 3,700.00

$ 2,396.00

$ 98,818.25

$121,012.39

CASH ACCOUNTS

First Source Bank checking account 31 December 1992.

.

. $ 40,682.56

Dreyfus liquid assets 31 December 1992 80,329.83

Total cash on hand $121,012.39
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DESIGNATED ACCOUNTS

Fuertes & Nice Awards

1991 Balance $ 572.50

1992 Earnings* 450.00

Awards funds available 1,022.50

Funds disbursed for awards 700.00

1992 Balance $ 322.50

Wilson Award

1991 Balance $ 95.30

1992 Earnings* 125.25

Funds available 220.55

Funds disbursed for awards 200.00

1992 Balance $ 20.55

Stewart Award

1991 Balance $ 949.70

1991 Earnings* 1,029.59

Funds disbursed for awards 1,500.00

1992 Balance $ 479.29

Edwards Prize

1992 Earnings* $ 99.78

Funds disbursed for awards 400.00

1992 Balance $ -300.22

Sutton Color Plate Fund

1991 Balance $ 94.50

1992 Earnings* 2,478.63

Funds disbursed for color plates 1992 4,177.50

1992 Balance 0

TOTAL ENDOWMENT EUNDS (Market Value)

1992 $430,258.00

* Based on 4.5% interest earned on principal invested with Mellon Bank.
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Charles Blem presented the editor’s report.

editor’s report— 1992

In 1992, 180 manuscripts (86 major papers, 94 short communications) were received by
The Wilson Bulletin editorial office. This is 10 more than in 1991. Of these, 40% were
accepted and 60% were rejected. The time between receipt of manuscript from the author(s)

and our return ot the manuscript with referee comments nearly always has been less than
three months. No manuscript required more than four months for a decision. There is not

a great backlog ot manuscripts, so accepted revisions almost always have been published
in the next scheduled issue. Frontispiece articles may take a bit longer. The average time

between receipt of a manuscript and its appearance in The Wilson Bulletin in 1992 was
almost always less than a year. A few papers required longer because authors were slow to

return revisions.

Volume 104 included the largest single issue and the largest total number of pages ever

published by The \Mlson Bulletin. The increased size was made possible by the generosity

of many authors who paid page costs.

I am grateful to the editorial board— Kathy G. Beal, R. N. Conner, J. A. Smallwood, C.

R. Smith and C. H. Stinson— for their timely, skilled evaluations ofmany of the manuscripts

submitted to the journal. I also thank George A. Hall for his editorship of the book reviews

section. Assistant Editors Leann Blem, Albert E. Conway, and Karen Killeen are responsible

for the consistency of style and format, and for making arcane prose more readable. I thank

them for their efforts. Kathy G. Beal deserves special praise for continuing to assemble the

index for The Wilson Bulletin. This a tedious task and the entire society benefits from her

careful work. For six years Leann Blem has provided much of the manual labor that keeps

the editorial office running and she catches many of the small errors that can plague a

publication. I remain open to suggestions as to how to improve the service we provide the

readers and authors, and invite you to make your opinions known to me.

C. R. Blem, Editor

Charles Smith reported for the Auditing Committee: On 30 April 1993, an Audit Com-

mittee of Daniel Klem, Jr. and Charles R. Smith met with the Treasurer, Doris J. Watt, to

review the financial records and reports of the Wilson Ornithological Society. The Society’s

financial records and reports for the period 1 January through 31 December 1992 were

found to be in good order. It should be noted that the Treasurer has shown commendable

attention to detail in accounting for the financial transactions of the Society. The Audit

Committee offers the following recommendations for consideration by the Society: (1) that

employment of a professional accountant for preparation of the Society’s annual report to

the Internal Revenue Service be continued for 1993, and (2) that consideration be given to

establishing a fiscal year of 1 July through 30 June to conform to the fiscal year of OSNA
and make the annual budget development process easier.

Ted Davis moved and Dick Conner seconded the motion that the reports of the Treasurer.

Editor, and Auditing Committee be approved and the motion passed by unanimous acclaim.

President Banks recalled the report of the Nominating Committee to the floor of the

assembly. Additional nominations for the offices of President, First Vice-president. Second

Vice-president, Treasurer, Secretary, and Elected Council members were requested from the

floor. None were offered. Mary Clench moved and Ted Davis seconded that the nominations

be closed. The motion passed, and George Hall then moved, with a second from Dick

Conner, that a unanimous ballot be cast for the nominated set of officers. The motion passed

and a unanimous ballot was recorded.
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REPORT OF THE RESOLUTIONS COMMITTEE

President Banks presented the report of the Resolutions Committee (Jim Dick, Erica Noll,

chair, and Charles Smith).

Resolution on Piping Plovers

WHEREAS, the prairie population of the Piping Plover (Charadrius melodus) has been

classified as Endangered by the Commitee on the Status of Endangered Wildlife in Canada

(Canada) since 1985 and by the United States Fish and Wildlife Service since 1986, and

WHEREAS, the population of Piping Plover has been declining steadily since the early

1970s, and

WHEREAS, in some years 5% ofthe breeding population uses Lake Diefenbaker in Central

Saskatchewan for breeding, and

WHEREAS, in some years, the population on Lake Diefenbaker is the largest single

population of this species in the world, and

WHEREAS, in some years, the raising of lake levels by the Saskatchewan Water Cor-

poration on Lake Diefenbaker results in a significant loss of annual productivity of this

species,

THEREFORE BE IT RESOLVED that the Wilson Ornithological Society and the Society

of Canadian Ornithologists strongly recommend that the Saskatchewan Water Corporation

delay their schedule of filling Lake Diefenbaker, so that losses of Piping Plover eggs and/or

chicks are minimized.

The motion to accept this resolution was made by Jon Barlow, seconded by Dick Conner,

and unanimously passed.

Resolution on Presqu’ile Provincial Park

WHEREAS, bird-watching and nature appreciation are the major reason visitors give for

visiting Presqu’ile Provincial Park in Ontario, and

WHEREAS, large numbers of migrating waterfowl and shorebirds use the park as a staging

area, and

WHEREAS, Presqu’ile Provincial Park is a “Class 1” wetland under the designation

system of the Ontario Ministry of Natural Resources, an Area of Natural and Scientific

Interest, a potential site for the Western Hemisphere Shorebird Reserve Network, and a

potential “Ramsar” wetland on international significance, and

WHEREAS, the Gull and High Bluff islands are designated “The Presqu’ile Islands Wil-

derness Area’’ under the Ontario Ministry of Natural Resources Wilderness Areas Act, and

WHEREAS, the waterfowl hunt discourages large numbers of visitors that bird watch and

results in the accidental deaths of shorebirds on migration,

THEREFORE BE IT RESOLVED that the Wilson Ornithological Society and the Society

of Canadian Ornithologists support the immediate completion of the management plan for

the park, and a cessation of the annual waterfowl hunt in the park.

Murray Spiers moved to accept the resolution and it was seconded by Herb Hendricks.

The motion was passed unanimously by the membership.

Resolution on mist nets.

WHEREAS, mist nets are used in the commercial exploitation of passerines in the Med-
iterranean, Japan, and other areas of the world, and

WHEREAS, the export regulations make it difficult to procure mist nets for scientific use,

THEREFORE BE IT RESOLVED that the Wilson Ornithological Society and the Society

of Canadian Ornithologists respectfully urge that the regulatory institutions relax bans on

the export of mist nets for scientific use.
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The motion to accept this resolution was made by Dick Conner, seconded by Doris Watt,
and unanimously passed by the membership.

Resolution on the Steller’s Eider

WHEREAS, the Steller s Eider {Folysticia stelleri) has undergone precipitous declines in

Alaska, from small numbers in the 1970s to no nesting in 1992, and
WHEREAS, the Spectacled Eider {Somatena fischeri) has declined from 70,000 pairs to

about 4 000 pairs since 1970, and
WHEREAS, the breeding and wintering biology of both species is poorly known,
THEREFORE BE IT RESOLVED that the Wilson Ornithological Society and the Society

of Canadian Ornithologist applaud efforts by the United States Fish and Wildlife Service

to study these two species, and
BE IT FURTHER RESOLVED that the Wilson Ornithological Society and the Society

ofCanadian Ornithologists support listing the North American populations of Steller’s Eider

and the world population of Spectacled Eider as “threatened” by the United States Fish

and Wildlife Service.

Charles Smith moved to accept this resolution and Ted Smith seconded, and the motion
was passed unanimously by the membership.

Resolution to the Local Committee

WHEREAS, the Wilson Ornithological Society held its seventy-fourth annual meeting

and the Society ofCanadian Ornithologists held its twelfth annual meeting jointly in Guelph,

Ontario, on the campus of the University of Guelph, at the invitation of the Guelph Field

Naturalists’ Club, the Department of Zoology, and the Arboretum Centre, and

RECOGNIZING that the Committee on Local Arrangements, under the capable direction

of A. L. A. Middleton, provided us with a natural and relaxing venue for the meeting,

including a nesting Canada Goose overlooking the proceedings, at the Arboretum Centre,

as well as an enjoyable mix of special events, field trips, and evening social events, and

RECOGNIZING that the Committee on the Scientific Program, under the capable di-

rection of Keith Bildstein, arranged outstanding scientific lecture and poster sessions, and

RECOGNIZING that the Society ofCanadian Ornithologists, under the direction of Bruce

Falls and Michael Cadman, organized a provocative symposium. Monitoring Bird Popu-

lations: The Canadian Experience, and Dan Tallman organized the first “Undergraduate

Outreach” symposium, and

WHEREAS, all those who have attended the meeting have been enriched by it,

THEREFORE BE IT RESOLVED that the Wilson Ornithological Society and the Society

ofCanadian Ornithologists commend the Committee on Local Arrangements and the Com-

mittee on the Scientific Program for their efforts toward this fine meeting, and

BE IT FURTHER RESOLVED that the Wilson Ornithological Society and the Society

ofCanadian Ornithologists also thank other supporting groups, including the University of

Guelph Graphics and Print Services, the University of Guelph Conference Coordinator,

Gary Nadalin, Chris Earley for designing the woodcock logo, and all others without whom

this meeting would have not been possible.

The motion to accept this resolution was unanimously moved, seconded, and passed.

The motion for adjournment was made, probably by George Hall, seconded, and the

meeting was adjourned at 13:50.
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The reports of the standing committees are as follows.

REPORT OF THE JOSSELYN VAN TYNE MEMORIAL

LIBRARY COMMITTEE— 1992

Our library has progressed through another good, if not particularly outstanding, year

during 1992.

Contributions of material from the membership as a whole were generally down from

past years. Thirteen members are recorded as having given, as follows: A. J. Berger, T.

Bledsoe, C. T. Collins, S. M. Goodman, G. A. Hall (review copies), J. Hinshaw, R. B. Payne,

Point Reyes Bird Observatory, S. Richards (Little Harbor Laboratory), H. Suthers, R. W.
Storer, and D. E. Varland. They donated a total of 40 books (32) 178 journal issues (67),

1 2 1 checklists and reprints (68), and 30 monographs and reports ( 1 7); numbers in parentheses

represent the individual contributions of A. J. Berger, who has long displayed particular

generosity.

A bequest from Frank Anderson included 392 books, 984 journal issues, 9 reprints and

photocopies, and 5 records. This bequest, added to the above, made a grand total of 432

books; 1162 journal issues; 130 checklists, reprints, and photocopies; 30 monographs and

reports; and 5 records.

Outbound during the year were 65 separate loans to 49 people. These comprise 18 books,

12 journal volumes, 312 photocopied articles, 1 reprint, 6 translations, and 1 thesis. It is

especially gratifying to see how our growing collection of ornithological translations is being

used.

Our array ofcurrent periodicals is being maintained by various means. This year we made
Wilson Bulletin exchanges for 154 publications from 125 institutions, worldwide; 31 pub-

lications were received as gifts from 24 institutions and members; direct subscriptions (paid

from our own library funds) brought in 1 6 publications from 1 2 organizations.

Fifty-eight books, journal issues and tapes were purchased for the library at a cost of

$588.75. Fifty-five duplicate books and 86 journal issues were sold during the year, netting

$1951. Duplicates were also donated to the following institutions: 1 4 books to the University

of Michigan Herbarium Library, 46 journal issues to the Scottish Arctic Institute, and 2

field guides to the Gosse Bird Club, Jamaica.

I think sometimes in becomming preoccupied with comparative figures we may lose sight

of the extent of detailed day-to-day labor involved, as in any library, with routine acces-

sioning, cataloguing, sorting and shelving, and the storage and special disposition of dupli-

cates, mailing and correspondence, and record keeping. Increased computerization is, of

course, simplifying some of this, while increasing both speed and accuracy; but the whole

task remains monumental.

As usual, the success of all these diverse operations has been largely due to the devoted

efforts of Janet Hinshaw and other UMMZ staff here in Ann Arbor, and, of course, to the

continued support of our farflung membership. The involvement of ever more members,

both in making increased donations and in using our evergrowing collection for their own
studies, is much encouraged.

William A. Lunk, Chair

REPORT OF THE CONSERVATION COMMITTEE

There was no report available from this committee.
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REPORT OF THE MEMBERSHIP COMMITTEE

The membership commillee currenily is constituted by myself and Ken Meyer at the
University of Florida, Jim Ingold at Louisiana State University, and Mark Woodrey at the

University of Southern Mississippi.

I received about 20 inquiries during the past year. Most were from people interested in

joining our society, and one was from a member who was not receiving The Wilson Hulleiin.

I contacted OSNA director Fred Lohrer and the Allen Press business office to make them
aware of the problem, and wrote a reply to the member. I was pleased to receive a very

courteous thank-you letter from that member.
The WOS membership poster was displayed at the WOS meeting in Kissimmee in April

and again at the RRF meeting in Seattle last November. Only 10 brochures were picked up
at the RRF in 1991; however, all 30 that were made available were taken at the RRF in

1992. Under the care of Mrs. John Forness, the poster was displayed at the Eastern Bird

Banding Association’s meeting in New York earlier this month. The poster was next shipped

to a contact person in Sacramento; unfortunately, it arrived too late to be taken fo the COS
meeting.

I am pleased to report that, at long last, a brochure and a letter of invitation were sent to

all 2466 OSNA members in the U.S. and Canada who do not belong to the WOS. A copy

of this letter has been deposited with the Secretary.

The committee recently began employing two new strategies to increase membership. The
first is targeted at authors who publish in The Wilson Bulletin. With each new issue, Mark
Woodrey will compare the list of authors with our membership roster and send a letter of

invitation and our brochure to all nonmembers. Mark also is contacting nonmember authors

from the 1992 issues.

The second strategy is aimed at nonmembers who present papers or posters at the annual

meeting, excluding those receiving complementary student memberships. Jim Ingold has

agreed to take on this task, beginning with the 1992 meeting in Kissimmee.

John A. Smallwood, Chair

The Committee on Scientific Program, chaired by Keith Bildstein, presented the following

program, assisted by session moderators Charles R. Blem, John L. Confer, Bruce Falls, Ross

D. James, and Dan A. Tallman.

PAPERS SESSIONS

Brian D. Peer, Dept. Zoology, Eastern Illinois Univ. “Explanations for the lack of parasitism

of the Common Crackle (Quiscalus quiscula) by the Brown-headed Cowbird {Molothrus

ater)r

Kevin M. Brown and Michelle Woulfe, Dept. Biology, York University and The Nature

Conservancy. “Adoption in Ring-billed Gulls (Larus delawarensis)."

Neil J. Buckley, Dept. Zoology, Univ. Oklahoma. “Local enhancement, information, and

the evolution of avian coloniality.”

Vladimir V. Pravosudov, Dept. Zoology, Ohio State Univ. “Social organization of the

Eurasian Nuthatch {Sitta europea asiatica)."

Jennifer L. Maigret, Dept. Biology, Hartwick College. “Variables affecting mass variation

in a winter population of Black-capped Chickadees.”

Anthony L. Lang. Dept. Zoology, Univ. Toronto. “Macrogeographic variation in the song

of the introduced Eurasian Tree Sparrow.”
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Jean L. Woods, Mus. Zoology, Univ. Michigan. “Song dialects and reproductive success in

the Bobolink.”

Alvaro Jaramillo, Dept. Zoology, Univ. Toronto. “Food and age segregation of the Swain-

son’s Hawk {Buteo swainsoni) in Argentina.”

Jan Neuman, Biopsychol. Dept., Memorial Univ. Newfoundland. “Inter-observer reliability

in behavioural data: some problems and solutions for field research.”

Ernest J. Willoughby, Div. Nat. Sci. and Math., St. Mary’s College of Maryland. “Intro-

ductory remarks. Undergraduate Outreach symposium.”

Jerome A. Jackson, Dept. Biol. Sci., Mississippi State Univ.
“
‘Birds and Man’—A non-

traditional ornithology course for the non-biologist.”

W. Herbert Wilson, Dept. Biology, Colby College, and Edward H. Burtt, Jr., Dept. Zoology,

Ohio Wesleyan Univ. “Perspectives on undergraduate ornithology courses in North Amer-

ica: results of a survey.”

Jim Brett, Hawk Mountain Sanctuary. “The Hawk Mountain Sanctuary intern program.”

Drew J. Hoysak and C. Davison Ankney, Dept. Zoology, Univ. Western Ontario. “Mor-

phological, hormonal, and other factors influencing Mallard dominance over American

Black Ducks.”

Michele Sullivan and Erica Nol, Dept. Watershed Ecosystems, Trent Univ. “Parental care

of coastal and inland nesting Semipalmated Plovers at Churchill, Manitoba.”

Erica Noll, Dept. Biology, Trent Univ. “Spacing patterns in mixed-species flocks of oys-

tercatchers: effects of differential foraging behaviour.”

Daniel S. McGeen, Auburn Hills, MI. “The habitat-Kirtland’s Warbler-Brown-headed Cow-
bird Ecosystem.”

Bridget J. Stutchbury, Dept. Biology, York Univ., and David Mark, Dept. Biology, Yale

Univ. “Response of a forest interior songbird to threat of cowbird parasitism.”

Diane L. Neudorfand Spencer G. Sealy, Dept. Zoology, Univ. Manitoba. “Sunrise vigilance

by cowbird hosts: does it prevent parasitism?”

Charles R. Blem and Leann B. Blem, Virginia Commonwealth Univ. “Do swallows sunbathe

to control ectoparasites? An experimental test.”

Satu Pemanen and Jon C. Barlow, Dept. Zoology, Univ. Toronto. “Interspecific territoriality

and aggression in Brewer’s and Clay-colored Sparrows.”

Lesley J. Evans and Bridget J. Stutchbury, Dept. Biology, York Univ. “The effects of winter

territoriality on breeding strategies in Hooded Warblers {Wilsonia citrina). Is there a cost

to late season brood care?”

Diane Lacombe and D. M. Bird, Avian Sci. and Conservation, McGill Univ. “The effect

of a cholinesterase inhibitor on the hunting behavior of the American Kestrel (Falco

spaverius)."

J. Bruce Falls, Dept. Zoology, Univ. Toronto. “Introductory remarks. Monitoring Bird

Populations symposium.”

Dale Caswell, Canadian Wildlife Service, Winnipeg. “Monitoring Canadian waterfowl pop-

ulations.”

R.I.G. Morrison, C. Downes, and B. Collins, Canadian Wildlife Service, Quebec. “Moni-

toring shorebird populations in Canada: the Maritimes Shorebird Survey and shorebird

population trends 1974-1990.”

David N. Nettleship, Canadian Wildlife Service, Dartmouth. “Canada’s seabirds: CWS
monitoring program, 1972-1992.”

Michael D. Cadman, Canadian Wildlife Service, Guelph. “Breeding bird atlases and the

monitoring of rare species in Canada.”

Michael S. W. Bradstreet, Long Point Bird Observatory, Port Rowan. “Using landbird

surveys to monitor changes in Canadian bird populations.”
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Andre Cyr, Dept. Biology, Sherbrooke Univ., and Jacques Larivee, CEGEP. “Monitoring
bird population changes with EPOQ (Studies ol bird populations in Quebec): twenty-year
trends.”

David J. T. Hussell, Ontario Ministry Nat. Resources, Maple. “Monitoring migrants to

detect changes in populations of breeding birds in Canada: present status and future

prospects.”

Erica H. Dunn, Canadian Wildlife Service, Ottawa. “Monitoring bird populations with
winter counts: the Canadian experience.”

C. M. Downes, Canadian Wildlife Service, Ottawa, and D. Welsh, CWS, Nepean. “An
overview of bird monitoring in Canada.”

John A. Smallwood, Dept. Widl. and Range Sci., Univ. Florida, and Michael Collopy, BLM,
Corvallis. “Nest-box program for management of the threatened Southeastern American
Kestrel.”

Peter J. Ewins, Canadian Wildlife Service, Burlington. “Do eggs of migrant Ospreys reflect

uptake of organochlorine contaminants on breeding areas?”

David N. Nettleship, Canadian Wildlife Service, Dartmouth, and Tim R. Birkhead, Dept.

Anim. and Plant Sci., Sheffield Univ. “The effect of an invasion of arctic foxes on the

seabird community at the Gannet Islands, Labrador.”

James V. Briskie, Dept. Biology, Queens Univ. “Seasonal patterns of sperm storage in the

Yellow-headed Blackbird.”

Michael P. Losito and Guy A. Baldassarre, Fac. Environ, and For. Biology, Syracuse Univ.

“Reproductive success and survival of female Mallards {Anas platyrhynchos) in the St.

Lawrence River Valley.”

Joanna R. Freeland, Susan Hannon, Gloria Dobush, and Peter T. Boag, Dept. Biology,

Queen’s Univ., and Dept. Zoology, Univ. Alberta. “DNA fingerprinting of Willow Ptar-

migan.”

John L. Confer, Biology Dept., Ithaca College, and Paul E. Allen, Ecol. and System., Cornell

Univ. “The Golden-winged Warbler. Potential interference competition with the Blue-

winged Warbler and subsequent Brown-headed Cowbird nest parasitism.”

Michael T. Murphy, Dept. Biology, Hartwick College. “Breeding dispersal and survival of

Eastern Kingbirds.”

Charles M. Francis, Ottawa. “Selection on colour morphs of Lesser Snow Geese through

correlated behavioural traits.”

Donald A. McCrimmon, Dept. Biology, Oakland Univ., Slawomir T. Fryska, Dept. Eng.

and Comp. Sci., Oakland Univ., and Gregory S. Butcher, Lab. Ornithology, Cornell Univ.

“Some nonlinear dynamics of six species of Florida Ciconiiformes.”

Ross D. James and Mark K. Peck, Dept. Ornithol., Royal Ontario Mus. “Breeding bird

populations in managed jack pine stands in central Ontario.”

Richard N. Conner and D. Craig Rudolph, Southern Forest Exper. Sta., U.S. Forest Serv.

“The role and value of Red-cockaded Woodpeckers in the southern pine ecosystem.”

D. Craig Rudolph. Richard N. Conner, and Richard R. Schaeffer, Southern Forest Exper.

Sta., U.S. Forest Serv. “Interactions of Red-cockaded Woodpeckers, rat snakes, and south-

ern flying squirrels.”

Clement Ouellet and Jean-Francois Giroux, Dept. Sci. Biol., Univ. Quebec dc Montreal.

“Factors influencing fall movements of Black Ducks along the St. Lawrence estuar\'.”

W. A. Montevecchi, Dept. Psychol., Memorial Univ. Newfoundland, and R. A. Myers, Sci.

Branch, Fish, and Oceans Canada. “Seabirds as monitors of the availability of pelagic

prey.”

Tim P. Birt and Allan J. Baker, Dept. Omith., Royal Ontario Mus. “Evolution within the

Psittaciformes based on direct sequence analysis of mitochondrial DNA.”
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V. L. Birt-Friesen, W. A. Montevecchi, Dept. Pyschol., Memorial Univ. Newfoundland,

and W. S. Davidson, Dept. Biochem., Memorial Univ. Newfoundland. “Genetic sub-

structuring within a Thick-billed Murre colony.”

POSTERS

Michael Carey, Dept. Biology, Univ. Scranton. “Mating system variation in a population

of Field Sparrows.”

Marian George and William C. George (deceased). Dept. Zoology, Southern Illinois Univ.

“Domestic cat predation on birds in rural southern Illinois: a twelve-year study.”

J. L. Spencer and H. T. Hendrickson, Dept. Biology, Univ. North Carolina at Greensboro.

“Influence of human population density on population trends of wintering passerine

birds.”

Valerie A. Olson, Dept. Zoology, Univ. Guelph. “Coccidian infection in the American

Goldfinch {Carduelis tristis).

Steven A. Edinger, Dept. Biol. Sci., Ohio Univ. “Wind-tunnel testing ofpigeon flight feathers.”

ATTENDANCE

DISTRICT OF COLUMBIA: Washington, Richard C. Banks, M. Ralph Browning, Carla

Dove, Roxie C. Layboume.

FLORIDA: Gainesville, John Smallwood.

ILLINOIS: Carbondale, Marian George; Charleston, Brian Peer.

INDIANA: Notre Dame, Doris J. Watt.

MAINE: Waterville, Herb Wilson.

MARYLAND: St. Mary’s City, Ernest J. Willoughby.

MASSACHUSETTS: Boston, William (Ted) Davis, Jr.

MICWIGMS . Ann Arbor

,

Janet Hinshaw, David W. Storer, Robert W. Storer, Jean L. Woods;
Auburn Hills, Dan McGeen, Jean McGeen; Rochester, Donald A. McCrimmon.

MISSISSIPPI: Mississippi State, Robert Hole, Jr., Jerome A. Jackson.

MONTANA: Missoula, Donald A. Jenni.

NEW JERSEY: Cape May, Tom Parsons; White House Station, Robert W. Colburn.

NEW YORK: Ithaca, John L. Confer, Charles R. Smith; Hartwick, Jennifer Maigret, Michael

Murphy; Utica, Judy McIntyre, Pat McIntyre.

NORTH CAROLINA: Greensboro, H. T. Hendrickson, Jacqueline L. Spencer.

OHIO: Athens, Steven A. Edinger, Vicky D. German; Columbus, Raul Doherty, Thomas
Grubb, Vladimir Pravosudov.

OKLAHOMA: Norman, Neil Buckley.

PENNSYLVANIA: Allentown, Daniel Klem, Jr.; Kempton, Keith L. Bildstein, Jim Brett,

Laurie J. Goodrich; Scranton, Michael Carey; Washington, Judi Ickes, Roy A. Ickes.

SOUTH DAKOTA: Aberdeen, Dan Tallman.

TEXAS: Galveston, Mary H. Clench; Nacogdoches, Richard N. Conner, D. Craig Rudolph.

VIRGINIA: Richmond, Charles R. Blem, Leann B. Blem.

WEST VIRGINIA: Morgantown, George A. Hall.

ALBERTA: Edmonton, George Ball, Kathleen E. Ball.

MANITOBA: Winnipeg, Spencer G. Sealy.

NEW BRUNSWICK: Sackville, A. J. (Tony) Erskine.

NEWFOUNDLAND: Bill Montevecchi.

NOVA SCOTIA: Halifax, David Nettleship.

ONTARIO: Belleville, Norman Martin; Branchton, A1 Sandilands; Guelph, Tom Ashby, Ed.

Bailey, Ian Baker, Pam Bessey, Mary Beverley-Burton, David Brewer, Lucille Brown,
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Mike Cadman, Chris Earley, Lori Ferguson, Graeme Gissing, Mike LePage, Lois Mc-
Cullough, Chris McKinnon, Alex Middleton, Mark Miller, Valerie Olson, Paul Stack, Uta

Strelive, Vernon Thomas, Sarah Wilkson, Harr>' Vogel; King City, Dorothy M. Richard-

son, W. John Richardson; Kingston, James V. Brisjie, Joanna Freeland, Laurene Ratclifl'e;

London, Drew Hoysak; Ottawa, David M. Bird, Wendy Calvert, Brenda Dale, Connie

Downs, Erica Dunn, Glen Fox, Charles M. Francis, Ellen Hayakawa, Colleen Hyslop,

Henri Ouellet, Jean-Pierre L. Savard, Gaston Tessier; Nepean, Hans BlokPoel; Peterbor-

ough, Erica Nol, Chris Risley, Michele Sullivan; Pickering, J. Murray Spiers; Sarnia, Mike

van den Tillaart; Toronto, Jon C. Barlow, Tim Bin, Vicki Birt-Friesen, Kevin Brown,

Jim Dick, Leslie J. Evans, George M. Fairfield, Jean A. Fairfield, Bruce Falls, C. David

Fowle, David Hussell, Ross James, Dan R. Kozlovic, Martin K. McNicholl, David Mus-

sell, Diane L. Neudorf, Bridget J. Stutchbury.

QUEBEC; Montreal, Jean-Francois Giroux; Sherbrooke, Andre Cyr.

ADDRESSES UNKNOWN: Margaret Bain, Chuck Banks, Fred Bodsworth, Cynthia Bron-

son, Heather Deawar.

Erratum

The dates of the study by Richard H. Yahner titled “Effects of long-term forest clearcutting

on wintering and breeding birds” (Wilson Bulletin 105:239—255) were given incorrectly as

1987-1989. The correct dates of the research are 1988-1990.
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BY Kathleen G. Beal

This index includes references to genera, species, authors, and key words or terms. In

addition to avian species, references are made to the scientific names of all vertebrates

mentioned within the volume and other taxa mentioned prominently in the text. Common
names are as they appear in the volume unless otherwise specified. Reference is made to

books reviewed, and announcements as they appear in the volume.

abundance

of avifauna in Aspen Parklands, 256-264

Accipiter bicolor, 128, 136

cooperii, 7, 8, 278

fasciatus, 164

nisus, 74, 164

striatus, 136, 278, 362

Actitis macularia, 6, 17, 38, 515

adaptive significance

of scopate tomia, 316-324

Aegolius acadicus, 278, 356-359

harrisii, 137

Aeronautes saxatilis, 7, 8, 41

Aethia cristatella, 525-529

age

related to sex and size in Sayomis phoebe,

597-603

Agelaius phoeniceus, 46, 1 59-166, 284, 373,

406, 492

ruficapillus, 141

Agriomis microptera, 139

murina, 139

Aimophila aestivalis, 20

carpalis, 20

cassinii, 20

ruficeps, 20

strigiceps, 114, 123, 124, 133, 140

Ajaia ajaia, 36

Akepa, Kauai, see Loxops coccineus caeru-

leirostris

Akiapolaau, see Hemignathus munroi

Albatross, Laysan, see Diomedea immuta-

bilis

Alcedo atthis, 7

Alle alle, 17, 40

Alopex lagopus, 460

Amakihi, Common, see Hemignathus virens

(virens)

Kauai, see Hemignathus virens stejnegeri

Amazona aestiva, 137

Ammodramus bairdii, 20, 283

caudacutus, 20

henslowii, 20, 283

humeralis, 140

leconteii, 20

maritimus, 20, 399

savannarum, 20, 45

Amphispiza belli, 20

bilineata, 20, 45

Anas acuta, 36, 151

americana, 36

clypeata, 36, 151, 680, 683

crecca, 4, 36, 683

discors, 36

penelope, 17

platyrhynchos, 36, 144, 151, 152, 330

rubripes, 151

strepera, 36

superciliosa, 151

wyvilliana, 142-158

Anastomus lamelligera, 321

oscitans, 321

Anderson, Rusty N., see Cassirer, E. Frances,

Greg Schirato, Fred Sharpe, Craig R.

Groves, and

Andrews, Robert, and Robert Righter, Col-

orado birds, reviewed, 200

Andropadus latirostris, 1

3

Ani, Smooth-billed, see Crotophaga ani

Anianiau, see Hemignathus parvus

Anous stolidus, 516

Antbird, Bicolored, see Gymnopithys leu-

caspis

Black-faced, see Myrmoborus myotheri-

nus

Hairy-crested, see Rhegmatorhina mela-

nosticta

Lunulated, see Gymnopithys lunulata
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Rufous-throated, see Gymnopithys rufi-

gula

Sooty, Myrmeciza fortis

Stripe-backed, see Myrmorchilus strigila-

tus

White-plumed, see Pithys albifrons

White-throated, see Gymnopithys salvini

Anthus lutescens, 140

rubescens, 43

Antshrike, Barred, see Thamnophilus dolia-

tus

Giant, see Batara cinerea

Great, see Taraba major

Variable, see Thamnophilus caerulescens

Antwren, Black-bellied, see Formicivora

melanogaster

Apapane, see Himatione sanguinea sangui-

nea

Aphelocoma spp., 391

Aquila chrysaetos, 5, 17

Ara auricollis, 137

chloropterus, 695

glaucogularis, 694-695

Aramus guarauna, 137, 321

Aratinga acuticauda, 129, 137

Archilochus colubris, 261, 278

Ardea herodias, 4, 35, 514, 573-586, 698-

699

Arenaria interpres, 39, 362

melanocephala, 6, 39

armadillo, see Priodontes maximus and

Dasypus spp.

Armstrong, Allison Rippin, and Erica Nol,

Spacing behavior and reproductive

ecology of the Semipalmated Plover

at Churchill, Manitoba, 455-464

Arnold, Todd W., Fledgling success in ex-

perimentally manipulated broods of

House Wrens, 448-454

Asio capensis

flammeus, 7, 40, 137, 490—496, 497-503

otus, 501

Asthenes baeri, 119-120, 124, 131, 138

Astyanax fasciatus, 578, 580, 581, 582

Atherinomorus stipes, 578, 581, 582

Atlapetes brunneinucha, 99, 100

Auklet, Cassin’s, see Ptychoramphus aleu-

ticus

Crested, see Aethia cristatella

Auriparus flaviceps, 9, 446

Avery, Michael L., Kelly J. Goocher, and

Marcia A. Cone, Handling efficiency

and berry size preferences of Cedar

Waxwings, 604-61

1

avifauna

of the Chaco region of Bolivia, 1 14-141

Avocet, American, see Recurvirostra amer-

icana

awards and grants

Leslie Brown Memorial Grant, 1 1

3

North American Bluebird Society re-

search grants, 387

North American Loon Fund grants, 544

Aythya affinis, 36

fuligula, 696

Baccetti, Nicola, see Brichetti, Pierandrea,

Paolo De Franceschi, and

Baida, Russell P., see Ganey, Joseph L.,

, and Rudy M. King

Baida, Russell P., see Marzluff, John M., and

Bananaquit, see Coereba flaveola

Banko, Paul C., and Julia Williams, Eggs,

nests, and nesting behavior or Akia-

polaau (Drepanidinae), 427-435

Barn-Owl, Common, see Tyto alba

bat, big brown, see Eptisicus fuscus

Batara cinerea, 121, 131, 138

Baumgartner, A. M., see Baumgartner, F.

M., and

Baumgartner, F. M., and A. M. Baumgart-

ner, Oklahoma bird life, reviewed,

708-710

Beardless-Tyrannulet, Southern, see Camp-
tostoma obsoletum

Beavers, Randell A., The birds of Tikal, re-

viewed, 7 1

1

Becard, Green-backed, see Pachyramphus

viridis

White-winged, see Pachyramphus poly-

chopterus

Beebe, William, A monograph of the pheas-

ants, reviewed, 384

behavior

breeding

mate and site retention in Pluvialis ful-

va, 60-67

feeding

use of nectar by Stumus vulgaris, 194

handling time
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ofBombycilla cedrorum for berries, 604-

611

killing

of Somateria mollissima duckling by

Gavia pacifica, 534-535

nesting

changing placement in Hemignathus vi-

rens, 436-447

of Hemignathus munroi, 427-435

nestling

in Agelaius phoeniceus, 159-166

parental care

fledgling Lanius ludovicianus induced

to fledge, 531-532

morph-specific in Zonotrichia albicol-

lis, 48-59

response

of Passer domesticus to monofilament

lines, 504-513

of Sterna hirundo and Larus atricilla to

flyovers of Larus marinus and

Larus argentatus, 333-338

to clothing color, 628-636

reverse mounting

in Dendroica caerulescens, 359-361

roosting

critique of diurnal activity center con-

cept, 368-372, 372-378

site tenacity

of Loxioides bailleui, 587-596

spacing

of breeding Charadrius semipalmatus,

455-464

territorial

effect of observation posts, 180-183

vocal

duetting in Otus asio, 483-489

Beissinger, Steven R., and Noel F. R. Snyder,

eds.. New World parrots in crisis: so-

lutions from conservation biology, re-

viewed, 381-382

Belonesox beliznus, 578

Belton, William, review by, 383-384

Benitez D., Hesiquio, see Navarro S., Adolfo

G., , Victor Sanchez B., Sal-

vador Garcia R., and Eduardo San-

tana C.

Benito-Espinal, E., see Benito-Espinal, F.

Pagney, and

Benito-Espinal, F. Pagney, and E. Benito-

Espinal, eds., L’Ouragan Hugo: genese,

incidences geographiques et ecolo-

giques sur la Guadeloupe, reviewed,

705

Bent, A. C., Life histories ofNorth American

woodpeckers, reviewed, 195

Bibby, C. J., N. J. Collar, M. J. Crosby, M.

F. Heath, C. Imboden, T. H. Johnson,

A. J. Long, A. J. Stattersfield, and S.

J. Thirgood, Putting biodiversity on

the map, reviewed, 386

Bildstein, Keith L., 702-704

biogeography

of the genus Gymnopithys, 301-315

Birkhead, Tim, The magpies, reviewed, 208-

209

Birkhead, T. R., and A. P. Moller, Sperm

conpetition in birds: evolutionary

causes and consequences, reviewed,

195-197

Bittern, American, see Botaurus lentiginosus

Least, see Ixobrychus exilis

Black-Hawk, Great, see Buteogallus urubi-

tinga

Black-Tyrant, Hudson’s, see Knipolegus

hudsoni

White-winged, see Knipolegus aterrimus

Blackbird, Chestnut-capped, see Agelaius

ruficapillus

Chopi, see Gnorimopsar chopi

Red-winged, see Agelaius phoeniceus

White-browed, see Leistes superciliaris

Blarina brevicauda, 492

Blem, C. R., reviews by, 195, 200, 206-207

bluebird, see Sialia spp.

Bluebird, Eastern, see Sialia sialis

Mountain, see Sialia currucoides

Bobolink, see Dolichonyx oryzivorus

Bobwhite, Northern, see Colinus virginianus

Bocetti, Carol L, Hatching year Kirtland’s

Warbler captured in unusual habitat,

532-533

Bocetti, Carol L, see Sykes, Paul W., Jr.,

, and Laurel A. Moore
Bombycilla cedrorum, 9, 44, 249, 252, 261,

262, 280, 296, 604-611

garrulus, 10

Bonasa umbellus, 5, 14, 37, 172-179, 239-

255, 257, 278, 521-524
Botaurus lentiginosus, 35
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Bolton, Mark L., and Robert E. Loveland,

Predation by Herring Gulls and Great

Black-backed Gulls on horseshoe
crabs, 518-521

Brambling, see Fringilla monlifringilla

Branta brenicla hrota, 5

leucopsis, 5

Brauning, Daniel W., see Santner, Steven J.,

, Glenna Schwalbe, and Saul

W. Schwalbe

breeding biology

Diet of Asio flammeus, 490-496

egg laying intervals in Chen caerulescens

caerulescens, 414-426

fledging success in manipulated Troglo-

dytes aedon broods, 448-454

incubation patch on male Dendroica kirt-

landii, 354-356

mate retention in Pluvialis fulva, 60-67

of Empidonax oberholseri, 84-92

of Euphonia hirundinacea, 285-300

of Sitta europaea in northeastern Siberia,

475-482

reproductive success of Falco sparverius

in nesting boxes, 465-474

site retention in Pluvialis fulva, 60-67

Brichetti, Pierandrea, Paolo De Franceschi,

and Nicola Baccetti, eds., Uccelli, I,

reviewed, 7 1

1

Brittingham, Margaret C., see Hoover, Jef-

frey P., and

Bromley, Robert G., see Shank, Christopher

C., ,
and Kim G. Poole

Brunner, Phillip L., see Johnson, Oscar W.,

Peter G. Connors, ,
and John

L. Maron

Brush-finch, Chestnut-capped, see Atleptes

brunneinucha

Brushrunner, Lark-like, see Coryphistera

alaudina

virginianus, 69, 137, 186, 337, 645-656

Bubulcus ibis, 35, 124, 128, 136, 515

Bucephala albeola, 37

clangula, 36, 680-685

islandica, 683

Buchheister, Carl W., see Graham, Frank,

Jr., and

Buden, Donald W., and Alexander Sprunt

IV, Additional observations on the

birds of the Exumas, Bahama Islands,

514-518

Burtlehead, see Bucephala albeola

Bulbul, Asian Brown-eared, see Ixos amau-
rotis

Red-vented, see Pycnonotus cafer

bulbul, see Pycnonotus barabatus, Andro-

padus latirostris

Bunting, Blue, see Passerina parellina

Indigo, see Passerina cyanea

Lark, see Calamospiza melanocorys

Lazuli, see Passerina amoena
McKay’s, see Plectrophenax hyperboreus

Orange-breasted, see Passerina leclanch-

erii

Painted, see Passerina ciris

Rose-bellied, see Passerina rositae

Snow, see Plectrophenax nivalis

Varied, see Passerina versicolor

Burnett, C. J., see Weisbrod, A. R., ,

J. G. Turner, and Dwain W. Warner

Bushtit, see Psaltriparus minimus

Busto, Benjamin, see Ramo, Chistina, and

Buteo albicaudatus, 128, 136

jamaicensis, 278, 614, 629

lagopus, 460

lineatus, 278, 614, 629

magnirostris, 128, 136

playpterus, 278

polyosoma, 136

swainsoni, 365-366

Buteogallus meridionalis, 136

urubitinga, 136

Butorides striatus, 35, 136, 362, 515

Buzzard-Eagle, Black-chested, see Gera-

noaetus melanoleucus

Caccamise, Donald F., The “patch-sitting

hypothesis”: a parsimonious view' of

communal roosting behavior. 372-

378

Cacholote, Brown, see Pseudoseisura lo-

pholes

Cacicus chrysopterus, 141

solitarius, 141

Cacique, Golden-winged, see Cacicus chrv-

sopterus

Solitary, see Cacicus solitarius

Calamospiza melanocorxs, 15. 20, 24. 25,

45
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Calcarius lapponicus, 20, 46

mccownii, 20

omatus, 20, 45

pictus, 20

Calidris alba, 39, 491

alpina, 5-6, 39, 515

canutus, 39

fuscicollis, 137

mauri, 39, 64

melanotos, 6, 39, 137

minutilla, 39, 491

pusilla, 39, 64, 491, 495

Callipepla califomica, 15, 38

gambelii, 37

Calliphlox evelynae, 362, 516

Callonetta leucophrys, 136

Calypte costae, 7, 40

Camptostoma obsoletum, 132, 139

Campylorhamphus trochilirostris, 120, 131,

138

zonatus, 294

Campylorhynchus brunneicapillus, 43, 164,

446

Canachites canadensis, 176

Canastero, Short-billed, see Asthenes baeri

Caprimulgus carolinensis, 516

longirostris, 137

parvulus, 130, 137

vocifems, 278

Capsiempis flaveola, 534

Caracara, Carunculated, see Phalcoboenus

carunculatus

Chimango, see Milvago chimango

Crested, see Polyborus plancus

Mountain, see Phalcoboenus megalopte-

rus

Cardinal, Northern, see Cardinalis cardinalis

Red-crested, see Paroaria coronata

Cardinalis cardinalis, 10, 45, 244, 249, 251,

282, 612-627, 628-636, 696

sinuatus, 10, 45, 93-113

Carduelis flammea, 46

magellanica, 124, 135, 141

pinus, 1 1, 25, 284

tristis, 11, 47, 248, 261, 284, 612-627,

628-636

Cariama cristata, 129, 136

Carpenter, Arthur L., see Carpenter, Thom-

as W., and

Carpenter, Thomas W., and Arthur L. Car-

penter, Temporal differences in size

of Northern Saw-whet Owls during

spring migration, 356-359

Carpodacus mexicanus, 46, 194

purpureus, 284

rhodochrous, 696

Caryothraustes canadensis, 103, 104, 107

humeralis, 93-113

Casiomis rufa, 139

Casiomis, Rufous, see Casiomis rufa

Casmerodius albus, 35, 514, 573-586

Cassirer, E. Frances, Greg Schirato, Fred

Sharpe, Craig R. Groves, and Rusty

N. Anderson, Cavity nesting by Har-

lequin Ducks in the Pacific North-

west, 691-694

Castellanos, Aradit, and Ricardo Rodriguez-

Estrella, Current status of the Socorro

Mockingbird, 167-171

Castillo, Abel, see Kratter, Andrew W., T.

Scott Sillett, R. Terry Chesser, John

P. O’Neill, Theodore A. Parker III,

and

cat, domestic, see Felis domesticus

Catagonus spp., 1 15

Catamblyrhynchus diadema, 94, 95, 99, 100

Catbird, Gray, see Dumetella carolinensis

Cathartes aura, 125, 128, 136, 614, 629

Cathams fuscescens, 193, 260, 261, 262, 280

guttatus, 260, 262, 271, 280

[Turdus] minimus, 271, 280, 545-572

minimus aliciae, 545-572

minimus bicknelli, 545-572

ustulatus, 193

Catoptrophoms semipalmatus, 362, 491

Cavanagh, Paul M., and Curtice R. Griffin,

Responses of nesting Common Terns

and Laughing Gulls to flyovers by large

gulls, 333-338

census method

refined use ofpoint counts for winter stud-

ies, 612-627

Centrocercus urophasianus, 37

Cepphus columba, 6, 40

Certhia americana, 9, 43, 244, 280

Ceryle alcyon, 7, 40, 278, 362

torquata, 317

Ceyx lecontei, 3 1

6

Chachalaca, Chaco, see Ortalis canicollis

Chacholote, Brown, see Pseudoseisura lo-

photes
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Chaco-Finch, Many-colored, see Saltatricula

multicolor

Chaetura pelagica, 516

characin, see Astyanax fasciatus

Charadrius alexandrinus, 461, 515

collaris, 137

hiaticula, 63

melodus, 63, 515

semipalmatus, 455-464

vociferus, 61, 62, 362

wilsonia, 5 1

5

Chelidoptera tenebrosa, 320

Chen caerulescens, 36

caerulescens caerulescens, 414-426, 680
Chesser, R. Terry, see Kratter, Andrew W.,

T. Scott Sillett, , John P.

O’Neill, Theodore A Parker III, and

Abel Castillo

Chickadee, Black-capped, see Parus atrica-

pillus

Carolina, see Parus carolinensis

Chiroxiphia pareola, 305, 31 1

Chlidonias niger, 698

Chlorophanes spiza, 696

Chlorostilbon aureoventris, 130, 137-138

Chondestes grammacus, 20

Chondrohierax uncinatus, 1 36

Chordeiles minor, 137, 278, 516

Chunga burmeisteri, 129, 137

Cichlasoma friedrichsthali, 578

meeki, 578, 582

octofasciatum, 578, 582

salvini, 578, 582

sp., 578

urophthalmus, 578

Cinclus mexicanus, 9, 698-699

Circus cyaneus, 490

Cissa chinensis, 396

Cistothorus palustris, 280

platensis, 280

Clytoceyx rex, 320

Cnemotriccus fuscatus, 132, 139

Coccothraustes vespertinus, 11,25, 284, 696

Coccyzus americanus, 137, 249, 362, 516

cinereus, 137

erythropthalmus, 137, 249, 261, 262, 278

melacoryphus, 137

minor, 362

Cochlearius cochlearius, 573-586

Coereba flaveola, 363, 517

Colley, Ben B., Jr., see Hardy, J. W., Theo-

dore A. Parker, and

Colaptes auratus, 40, 261, 279, 612-627,

628-636

campestris, 138

melanochloros, 130, 138

spp., 318, 396

Colias striatus, 13

colonization

of human-made wetland by Gallinula

chloropus, 685-687

Colinus virginianus, 37

Collar, N. J., see Bibby, C. J., ,
M. J.

Crosby, M. F. Heath, C. Imboden, T.

H. Johnson, A. J. Long, A. J. Stat-

tersfield, and S. J. Thirgood

Collins, Charles T., reviews by, 380-381,

710-711

Columba cayennensis, 137

livia, 6-7, 1 1, 40

maculosa, 137

picazuro, 137

Columbina passerina, 362

picui, 120, 124, 129, 137

squammata, 137

talpacoti, 137

community

effect of forest clearing on wintering and

breeding birds, 239-255

Condor, Andean, see Vultur gryphus

Connors, Peter G., see Johnson, Oscar W.,

, Phillip L. Brunner, and John

L. Maron

Conrad, Kelvin F., and Raleigh J. Robert-

son, Relationship of age and sex to

size and color of Eastern Phoebes,

597-603

Contopus borealis, 193-194, 223. 279

caribaeus [Myiobius pallidus, Contopus

pallidus, Contopus hispaniolensis,

Blacicus hispaniolensis, Tyrannula

cariboea, Blacicus caribaeus], 217-

227 (Frontispiece)

cinereus, 223

latirostris, 223, 224

lugubris, 223

perixan, 223

sordidulus, 223

virens, 220, 223, 248. 252, 279
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Cooke, Fred, see Schubert, Claudia A., and

Coot, American, see Fulica americana

White-winged, see Fulica leucoptera

Coragyps atratus, 128, 136, 614, 629

correction, 83

Corvus brachyrhynchos, 8, 42, 173, 175-179,

249, 373, 614, 629

caurinus, 359, 360

corax, 8, 42, 460, 524-525

frugilegus, 359

spp., 391

Coryphistera alaudina, 120, 124, 131, 138

Coryphospingus cucullatus, 124, 134, 141

cottontail, eastern, see Sylvilagus floridanus

Cowbird, Bay-winged, see Molothrus badius

Brown-headed, see Molothrus ater

Screaming, see Molothrus rufoaxillaris

Shining, see Molothrus bonariensis

Crake, Paint-billed, see Neocrex erythrops

Cranioleuca pyrrhophia, 131, 138

Creeper, Brown, see Certhia americana

Hawaii, see Oreomystis mana
Kauai, see Oreomystis bairdi

Oahu, see Parereomyza maculata

Crescent-chest, Olive-crowned, see Melano-

pareia maximiliani

Crested-Tinamou, Quebracho, see Eudro-

mia formosa

Crosby, M. J., see Bibby, C. J., N. J. Collar,

, M. F. Heath, C. Imboden, T.

H. Johnson, A. J. Long, A. J. Stat-

tersfield, and S. J. Thirgood

Crossbill, Red, see Loxia curvirostra

White-winged, see Loxia leucoptera

Crotophaga ani, 137

Crow, American, see Corvus brachyrhyn-

chos

Northwestern, see Corvus caurinus

Crypturellus parvirostris, 128, 136

tataupa, 128, 136

Cuckoo, Ash-colored, see Coccyzus cinereus

Black-billed, see Coccyzus erythropthal-

mus
Dark-billed, see Coccyzus melacoryphus

Guira, see Guira guira

Mangrove, see Coccyzus minor

Squirrel, see Piaya cayana

Striped, see Tapera naevia

Yellow-billed, see Coccyzus americanus

Cuthbert, Francesca J., and Mei-Yao Louis,

The Forster’s Tern in Minnesota; sta-

tus, distribution, and reproductive

success, 184-187

Cyanocitta cristata, 42, 173, 175-179, 244,

248, 279, 612-627, 628-636

stelleri, 42

Cyanocompsa [Passerina] brissoni, 93-113,

134, 141

cyanea, 124

[Passerina] cyanoides, 93-113

[Passerina] parellina, 104, 106, 107, 108,

109

Cyanocorax chrysops, 125, 133, 140

[Xanthoura] yncas, 389-398 (Frontis-

piece)

Cyanoloxia [Passerina] glaucocaerulea, 93-

113

Cyclarhis gujanensis, 133, 140

Cyprinodon variegatus, 578, 580, 581, 582,

584

Cypseloides storeri, 366-367

Dacela novaeguineae, 3 1

7

Daily, Gretchen C., Heartwood decay and

vertical distribution of Red-naped

Sapsucker nest cavities, 674-679

Dasypus spp., 1 15

deer, see Odocoileus spp.

gray brocket, see Mazama gouazoubira

De Franceschi, Paolo, see Brichetti, Pieran-

drea,
,
and Nicola Baccetti

Delichon urbica, 74, 75

DeLong, Colleen A., see Yahner, Richard

H., Carolyn G. Mahan, and

Demastes, James W., see Tamplin, Jeffrey

W.,
,
and J. V. Remsen, Jr.

Dendrocolaptes picumnus, 138

Dendrocopos major, 476

Dendroica caerulescens, 281, 359-361, 363,

517, 695-698

castanea, 269, 273, 282

cerulea, 193, 194, 269, 282

coronata, 44, 28 1 , 363, 492, 6 1 2-627, 628-

636

discolor, 354, 359, 363, 517

dominica, 44, 363, 517

fusca, 193, 282, 354

kirtlandii, 228, 351-353, 354-356, 532-

533

magnolia, 281
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palmarum, 271, 282, 363, 517

pensylvanica, 246, 247, 248, 281

petechia, 261, 269, 272, 274, 281, 362,

529-531

pinus, 44, 249, 282, 354

striata, 269, 282, 517

tigrina, 269, 281, 362, 517

virens, 269, 273, 281, 354, 363

density

of Dr\'ocopus pileatus in Missouri, 77-83

Dickcissel, see Spiza americana

Dickinson, Edward C., Robert S. Kennedy,

and Kenneth C. Parkes, The birds of

the Philippines: an annotated check-

list, reviewed, 205-206

Didelphis virginiana, 173

diet

of breeding Asio flammeus, 490^96
of herons breeding in a Yucatan wetland,

573-586

of Nearctic Asio flammeus, 497-503

Diomedea immutabilis, 657-665

Dipper, American, see Cinclus mexicanus

distribution

of birds of the Chaco region of Bolivia,

1 14-141

of birds of the Exumas, Bahama Islands,

514-518

of birds of Rum Cay, Bahamas, 361-364

of Catharus minimus bicknelli, 554-572

of Sterna forsteri in Minnesota, 184-187

Dittmann, Donna L., see Zink, Robert M.,

and

Dolichonyx oryzivorus, 74, 141, 517-518

Doradito, Subtropical, see Pseudocolopteryx

actipennis

Dove, Eared, see Zenaida auriculata

Mourning, see Zenaida macroura

Rock, see Columba livia

Scaled, see Columbina squammata

White-tipped, see Leptotila verreauxi

White-winged, see Zenaida asiatica

Dovekie, see Alle alle

Dowitcher, Short-billed, see Limnodromus

griseus

Dromas ardeola, 321

Drymomis bridgesii, 114, 118, 130, 138

Dryocopus pileatus, 7-8, 40, 77-83, 279

schulzi, 138

Dubs, Balthasar, Birds of southwestern Bra-

zil-catalogue and guide to the birds

of the Pantanal of Mato Grosso and

its border areas, reviewed, 383-384

Duck, American Black, see Anas rubripes

Australian Black, see Anas superciliosa

Harlequin, see Histrionicus histrionicus

Hawaiian, see Anas wyvilliana

Masked, see Oxyura dominica

Ruddy, see Oxyura jamaicensis

Tufted, see Aythya fuligula

Dujardin, J.-L., see Tostain, O., ,
Ch.

Erard, and J.-M. Thiollay

Dumetella carolinensis, 246, 247, 248, 252,

261, 280, 362, 492

Dunlin, see Calidris alpina

Eagle, Bald, see Haliaeetus leucocephalus

Crowned, see Harpyhaliaetus coronatus

Golden, see Aquila chrysaetos

Earthcreeper, Chaco, see Upucerthia cer-

thioides

ecology

of breeding Charadrius semipalmatus at

Churchill, Manitoba, 455-464

of breeding Empidonax oberholseri, 84-92

egg

laying intervals in Chen caerulescens ca-

erulescens, 414-426

of Hemignathus munroi, 427—435

Egret, Cattle, see Bubulcus ibis

Great, see Casmerodius albus

Reddish, see Egretta rufescens

Snowy, see Egretta thula

Egretta caerulea, 35, 362, 515

rufescens, 573-586

thula, 35, 136, 515, 573-586

tricolor, 35, 362, 573-586

Eider, Common, Somateria mollissima

Elaenia albiceps, 122, 132, 139

parvirostris, 122, 139

spectabilis, 139

Elaenia, Large, see Elaenia spectabilis

Small-billed, see Elaenia parv'irostris

White-crested, see Elaenia albiceps

Elanus caeruleus, 136

Ely, Charles, sec Thompson, Max C., and

Embcrizoidcs herbicola, 124, 134, 140

Embernagra platensis, 140

Empidonax alnorum, 85, 90

difhcilis, 87, 88, 89, 90, 91
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flaviventris, 90, 271, 273, 279

hammondii, 85, 88, 89, 90

minimus, 85, 88, 90, 249, 260, 261, 262,

279

oberholseri, 84-92

traillii, 85, 88, 89, 90, 91

“traillii” spp., 279

virescens, 90, 269, 279

wrightii, 89, 90

Engilis, Andrew, Jr., and Thane K. Pratt,

Status and population trends of Ha-

waii’s native waterbirds, 1977-1987,

142-158

Eptesicus fuscus, 493, 494

Erard, Ch., see Tostain, O., J.-L. Dujardin,

, and J.-M. Thiollay

Eremophila alpestris, 42, 492

Erethizon dorsatum, 524-525

ermine, see Mustela erminea

Eskridge, Kent M., see Pochop, Patricia A.,

Ron J. Johnson, and

Eucinostomus argenteus, 578, 581, 582

gula, 578, 581

Eudocimus albus, 576, 577

Eudromia formosa, 136

Euphonia, Blue-hooded, see Euphonia ele-

gantissima

Purple-throated, see Euphonia chlorotica

Spot-crowned, see Euphonia imitans

Thick-billed, see Euphonia laniirostris

White-vented, see Euphonia minuta

Yellow-throated, see Euphonia hirundi-

nacea

Euphonia chlorotica, 134, 141

elegantissima, 298

hirundinacea, 285-300

imitans, 298

laniirostris, 298

minuta, 298

Euscarthmus meloryphus, 132, 139

evaporative water loss

in Strix occidentalis lucida and Bubo vir-

ginianus, 645-656

Falco columbarius, 37, 68-76, 362

femoralis, 129, 136

mexicanus, 460

peregrinus, 4, 136, 164

peregrinus tundrius, 188-190

rufigularis, 136

rusticolis, 188-189

sparverius, 37, 128, 136, 362, 465-474,

696

subbuteo, 8

tinnunculus, 74, 472

Falcon, Aplomado, see Falco femoralis

Bat, see Falco rufigularis

Peregrine, see Falco peregrinus

Prairie, see Falco mexicanus

Tundra Peregrine, see Falco peregrinus

tundrius

Falconet, Spot-winged, see Spiziapteryx cir-

cumcinctus

Falls, J. Bruce, see Kopachena, Jeffrey G.,

and

Fancy, Steven G., Robert T. Sugihara, John

J. Jeffrey, and James D. Jacobi, Site

tenacity of the endandered Palila

Farrand, John, Jr. see Pasquier, Roger F.,

and

Feare, Christopher J., Nectar feeding by Eu-

ropean Starlings, 194

Felis domesticus, 591

ffrench, Richard, A guide to the birds of

Trinidad and Tobago, reviewed, 380-

381

Ficedula hypoleuca, 75

Field, Rebecca, Michael R. North, and Ju-

dith Wells, Nesting activity of Yel-

low-billed Loons on the Colville Riv-

er Delta, Alaska, after the Exxon
Valdez oil spill, 325-332

Finch, Black-crested, see Lophospingus pu-

sillus

Blue, see Porphyrospiza [Passerina] caeru-

lescens

House, see Carpodacus mexicanus
Laysan, see Telespyza cantans

Nihoa, see Telespyza ultima

Plush-capped, see Catamblyrhynchus dia-

dema
Purple, see Carpodacus purpureus

Red-crested, see Coryphospingus cucul-

latus

Rosy, see Leucosticte arctoa

Saffron, see Sicalis flaveola

Zebra, see Poephila guttata

Finlayson, Clive, Birds of the Strait of Gi-
braltar, reviewed, 200-20

1

Fisher, Charles D., see Rudolph, D. Craig,

and
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Fleskes, Joseph P., and Erwin E. Klaas, Dab-
bling duck recruitment in relation to

habitat and predators in Union Slough

National Wildlife Refuge, Iowa, re-

viewed, 213

Flicker, Campo, see Colaptes campestris

Northern, see Colaptes auratus

flicker, see Colaptes spp.

Flint, Peter R., and Peter R. Stewart, The
birds of Cyprus, reviewed, 538-540

Floridicthys carpio, 576, 580, 581

Fluvicolo pica, 139

Flycatcher, Acadian, see Empidonax vires-

cens

Alder, see Empidonax alnorum

Boat-billed, see Megarynchus pitangua

Bran-colored, see Myiophobus fasciatus

Brown-crested, see Myiarchus tyrannulus

Crowned Slaty, see Griseotyrannus auran-

tioatrocristatus

Coue’s, see Contopus pertinax

Dusky, see Empidonax oberholseri

Euler’s, see Lathrotriccus euleri

Fork-tailed, see Tyrannus savana

Fuscous, see Cnemotriccus fuscatus

Gray, see Empidonax wrightii

Great Crested, see Myiarchus crinitus

Least, see Empidonax minimus

Ochre-bellied, see Mionectes oleagineus

Olive-sided, see Contopus borealis

Pied, see Ficedula hypoleuca

Scissor-tailed, see Tyrannus forficatus

Streaked, see Myiodynastes maculatus

Swainson’s, see Myiarchus swainsoni

Vermilion, see Pyrocephalus rubinus

Western, see Empidonax difficilis

Willow, see Empidonax traillii

Yellow-bellied, see Empidonax flaviven-

tris

foraging behavior

of breeding Falco columbarius 68-76

Formicivora melanogaster, 138

fox, Arctic, see Alopex lagopus

gray, see Urocyon cinereoargenteus

red, see Vulpes vulpes

Fratercula arctica, 333, 525

Fregata magnificens, 514

Frigatebird, Magnificent, see Fregata mag-

nificens

Fringilla montifringilla, 1

1

trog, neotropical green, see Rana vaillanti

Fruitcrow, Crimson, see Haematoderus mil-

itaris

Purple-throated, see Querula purpurata

Fulica americana, 38, 142-158

leucoptera, 136

Furnarius cristatus, 138

rufus, 1 16-117, 131, 138

Gadwall, see Anas strepera

Gallinulachloropus, 38, 136, 142-158,685-

687

Gallinule, Purple, see Porphyrula martinica

Spot-flanked, see Prophyriops melanops

Gallito, Crested, see Rhinocrypta lanceolata

Gallus domesticus, 522

Gambusia yucatana, 578, 582

Gampsonyx swainsonii, 136

Ganey, Joseph L., Russell P. Baida, and Rudy
M. King, Metabolic rate and evapo-

rative water loss of Mexican Spotted

and Great Homed owls, 645-656

Gannet, Northern, see Morus bassanus

Garda R., Salvador, see Navarro S., Adolfo

G., Hesiquio Benitez D., Victor San-

chez B.,
,
and Eduardo Santana

C.

Garmanella pulchra, 578, 581, 582

Garrido, Orlando H., see Reynard, George

B.,
,
and Robert L. Sutton

Gavia adamsii, 325-332

arctica, 329

immer, 329, 330

pacifica, 534-535

stellata, 329, 330

Gehring. Thomas M., Potential predator\'

attack by Common Ravens on por-

cupines, 524-525

geographic variation

among subspecies of Spizella passerina,

399-413

Geothlypis aequinoctialis, 141

trichas, 242, 246, 247, 248, 252, 363

Geranoaetus melanoleucus, 136

Geranospiza caerulescens, 128, 136

Gibbs, James P., Jerr\’ R. Longcore, Daniel

G. McAuley, and James K. Ringel-

man. Use of wetland habitats by se-

lected nongame water birds in Maine,

reviewed, 2 1

3

Glaucidium brasilianum, 129, 137
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Glyphorynchus spirums, 3 1

1

Gnatcatcher, Blue-gray, see Polioptila caeru-

lea

Masked, see Polioptila dumicola

Gnorimopsar chois, 141

Gobionellus lyricus, 582

Godwit, Marbled, see Limosa fedora

Golden-Plover, American, see Pluvialis

dominica

Eurasian, see Pluvialis apricaria

Pacific, see Pluvialis fulva

Goldeneye, Barrow’s, see Bucephala islan-

dica

Common, see Bucephala clangula

Goldfinch, American, see Carduelis tristis

Goocher, Kelly J., see Avery, Michael L.,

, and Marcia A. Cone

Goose, Barnacle, see Branta leucopsis

Brent, see Branta bemicla hrota

Lesser Snow, see Chen caerulescens caeru-

lescens

Snow, see Chen caerulescens

Goshawk, Brown, see Accipiter fasciatus

Gosner, Kenneth L., Scopate tomia: an ad-

aptation for handling hard-shelled

prey?, 316-324

Gowaty, Patricia Adair, review by, 195-197

Grackle, Boat-tailed, see Quiscalus major

Common, see Quiscalus quiscula

Great-tailed, see Quiscalus mexicanus

Graham, Frank, Jr., and Carl W. Buchheis-

ter. The Audubon ark: a history ofthe

National Audubon Society, reviewed,

707-708

grants

see awards and grants

Grass-Finch, Wedge-tailed, see Emberi-

zoides herbicola

Grassquit, Blue-black, see Volatinia jacarina

Grebe, Least, see Podiceps dominicus

Pied-billed, see Podilymbus podiceps

White-tufted, see Podiceps rolland

Greenshank, Common, see Tringa nebularia

Gretton, Adam, Conservation of the Slen-

der-billed Curlew, reviewed, 386

Griffin, Curtice R., see Cavanagh, Paul M.,

and

Griseotyrannus aurantioatrocristatus, 132,

139

Grosbeak, Black-backed, see Pheucticus au-

reoventris

Black-headed, see Pheucticus melano-

cephalus

Blue, see Guiraca [Passerina] caerulea

Blue-black, see Cyanocompsa [Passerina]

cyanoides

Crimson-collared, see Rhodothraupis ce-

laeno

Evening, see Coccothraustes vespertinus

Indigo, see Cyanoloxia [Passerina] glau-

cocaerulea

Rose-breasted, see Pheucticus ludovici-

anus

Slate-colored, see Pitylus grossus

Ultramarine, see Cyanocompsa [Passeri-

na] brissoni and Cyanocompsa cy-

anea

Yellow, see Pheucticus aureoventris and

Pheucticus chrysopeplus

Yellow-bellied, see Pheucticus chrysogas-

ter

Yellow-green, see Caryothraustes cana-

densis

Yellow-shouldered, see Caryothraustes

humeralis

Ground-Dove, Common, see Columbina
passerina

Picui, see Columbina picui

Ground-Tyrant, Cinnamon-bellied, see

Muscisaxicola capistrata

Grouse, Ruffed, see Bonasa umbellus

Sage, see Centrocercus urophasianus

Spruce, see Canachites canadensis

Groves, Craig R., see Cassirer, E. Frances,

Greg Schirato, Fred Sharpe, ,

and Rusty N. Anderson
growth

of organs in embryonic Diomedea im-

mutabilis, 657-665

Guillemot, Pigeon, see Cepphus columba
Guira guira, 137

Guiraca [Passerina] caerulea, 93-113
Gull, Black-backed, see Lams marinus

Bonaparte’s, see Larus Philadelphia

California, see Larus califomicus

Franklin’s, see Larus pipixcan

Glaucous, see Larus hyperboreus

Glaucous-winged, see Larus glaucescens
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Herring, see Larus argentatus

Laughing, see Larus atricilla

Ring-billed, see Larus delawarensis

Gutzwiller, Kevin J., and Heidi A. Marcum,
Avian responses to observer clothing

color: caveats from winter point

counts, 628-636

Gutzwiller, Kevin J., Refining the use ofpoint

counts for winter studies of individual

species, 612-627

Gymnopithys leucaspis, 301-315

lunulata, 301-3 1

5

rufigula, 301-315

salvini, 301-315

gynandromorphism

in Dendroica caerulescens, 695-698

Gyrfalcon, see Falco rusticolus

habitat

of migrating birds through the Saint Croix

River Valley, 265-284

related to Dryocopus pileatus densities in

Missouri, 77-83

unusual use by a hatching year Dendroica

kirtlandii, 532-533

use by breeding herons in a Yucatan wet-

land, 573-586

Hackett, Shannon, Phylegenetic and biogeo-

graphic relationships in the neotrop-

ical genus Gymnopithys (Formicari-

idae), 301-315

Haematoderus militaris, 317, 322

Haematopus palliatus, 362, 515

Hagan, John M., Ill, and David W. John-

ston, eds.. Ecology and conservation

of Neotropical migrant landbirds, re-

viewed, 206-207

Hailman, Jack P., review by, 197-199

Haliaeetus leucocephalus, 1

7

Halcyon chloris, 323

cinnamomina, 323

gambieri, 323

pilieata, 323

saurophaga, 323

smymensis, 323

tuta, 323

venerata, 323

Hall, George A., reviews by, 21 1-212, 213,

385-386, 543-544, 71 1

Hancock, James A., James A. Kushlan, and

M. Philip Kahl, Storks, ibises, and

spoonbills of the world, reviewed,

702-704

Hardy, J. W., Theodore A. Parker, and Ben

B. Coffey, Jr., Voices of the Wood-
peckers (Neotropical family Dendro-

colaptidae), reviewed, 207-208

Harpyhaliaetus coronatus, 114, 116, 136

Harrier, Cinereous, see Circus cinereus

Northern, see Circus cyaneus

Hartshome, Charles, Bom to sing, reviewed,

544

Hawk, Bicolored, see Accipiter bicolor

Broad-winged, see Buteo platypterus

Cooper’s, see Accipiter cooperii.

Crane, see Geranospiza caerulescens

Harris’, see Parabuteo unicinctus

Red-backed, see Buteo polyosoma

Red-shouldered, see Buteo lineatus

Roadside, see Buteo magnirostris

Rough-legged, see Buteo lagopus

Savanna, see Buteogallus meridionalis

Sharp-shinned, see Accipiter striatus

Swainson’s, see Buteo swainsoni

White-tailed, see Buteo albicaudatus

Heath, M. F., see Bibby, C. J., N. J. Collar,

M. J. Crosby, , C. Imboden, T.

H. Johnson, A. J. Long, A. J. Stat-

tersfield, and S. J. Thirgood

Heliomaster furcifer, 130, 138

Helmitheros vermivorus, 249, 363, 517

Hemignathus munroi, 427-435

parvus, 430, 43

1

virens, 436^47
virens stejnegeri, 430, 431, 433

virens virens, 427^35

Hemitriccus margaritaceiventer, 132, 139

Hennes, Steven K., see Zicus, Michael C..

and

Heron, Boat-billed, see Cochlcarius cochle-

arius

Great Blue, see Ardea herodias

Green-backed, see Butorides striatus

Little Blue, sec Egretta cacrulca

Tricolored, sec Egretta tricolor

Heterandria bimaculata, 578

Hewitt, David G., and Roy L. Kirkpatrick,

Ground nest predation and Ruffed
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Grouse densities in southwest Virgin-

ia, 521-524

Himantopus mexicanus, 137, 142-158, 515

Himatione sanguinea sanguinea, 430, 433

Hirundo pyrrhonota, 5 1

1

rustica, 42, 279, 511, 696

Histrionicus histrionicus, 691-694

Hobbie, see Falco subbuteo

Holt, Denver W., Breeding season diet of

Short-eared Owls in Massachusetts,

490-496

Holt, Denver W., Trophic niche of Nearctic

Short-eared Owls, 497-503

Honeycreeper, Green, see Chlorophanes spi-

za

Hoover, Jeffrey P., and Margaret C. Brit-

tingham. Regional variation in cow-

bird parasitism of Wood Thrushes,

228-238

Homero, Crested, see Fumarius cristatus

Rufous, see Fumarius mfus

Hubbard, John P., reviews by, 200-20 1,538-

540

Hummingbird, Costa’s, see Calypte costae

Gilded, see Hylocharis chrysura

Glittering-bellied, see Chlorostilbon au-

reoventris

Ruby-throated, see Archilochus colubris

hybridization

of Phalcoboenus megaloptems and Phal-

coboenus carunculatus, 688-691

ofPipra serena x Pipra coronata from Ro-

raima, Brazil, 348-351

Hydropsalis brasiliana, 25, 130, 137

Hylocharis chrysura, 138

Hylocichla mustelina, 228-238, 248, 253,

280

Hymenops perspicillata, 139

Ibis, Snowy, see Eudocimus albus

Icterus cayanensis, 134, 141

galbula, 248, 252, 260, 261, 262, 284

jamacaii, 135, 141

spurius, 696

Ictinia mississippiensis, 136

liwi, see Vestiaria coccinea coccinea

Imboden, C., see Bibby, C. J., N. J. Collar,

M. J. Crosby, M. F. Heath,
,

T. H. Johnson, A. J. Long, A. J. Stat-

tersfield, and S. J. Thirgood

Inezia inomata, 132, 139

information for authors, 214-215, 725-726

Ixobrychus exilis, 35

Ixos amaurotis, 1

3

Jacana jacana, 137

Jacana, Wattled, see Jacana jacana

Jacobi, James D., see Fancy, Steven G., Rob-

ert T. Sugihara, John J. Jeffrey, and

Jaeger, Parasitic, see Stercorarius parasiticus

javelina, see Catagonus and Tayassu spp.

Jay, Blue, see Cyanocitta cristata

Green, see Cyanocorax [Xanthoura] yncas

Plush-crested, see Cyanocorax chrysops

Steller’s, see Cyanocitta stelleri

Jeffrey, John J., see Fancy, Steven G., Robert

T. Sugihara,
,
and James D. Ja-

cobi

Johns, Brian W. The influence of grove size

on bird species richness in Aspen

Parklands, 256-264

Johnson, Ned K., and Robert E. Jones, The
Green Jay turns blue in Peru: inter-

related aspects of the annual cycle in

the arid tropical zone, 389-398

Johnson, Ned K., review by, 541-542

Johnson, Oscar W., Peter G. Connors, Phil-

lip L. Bmnner, and John L. Maron,
Breeding ground fidelity and mate re-

tention in the Pacific Golden-Plover,

60-67

Johnson, Ron J., see Pochop, Patricia A.,

, and Kent M. Eskridge

Johnson, T. H., see Bibby, C. J., N. J. Collar,

M. J. Crosby, M. F. Heath, C. Im-
boden, , A. J. Long, A. J. Stat-

tersfield, and S. J. Thirgood

Johnston, David W., see Hagan, John M.,

Ill, and

Jones, Ian L., Sexual differences in bill shape
and external measurements of Crest-

ed Auklets, 525-529

Jones, Robert E., see Johnson, Ned K., and

Jordan, Otto Carlos, and Charles A. Munn,
First observation ofthe Blue-throated

Macaw in Bolivia, 694-695
Junco, Dark-eyed, see Junco hyemalis

Yellow-eyed, see Junco phaeonotus

Junco hyemalis, 20, 46, 284, 403, 405,

408, 495

phaeonotus, 20, 46
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Kahl, M. Philip, see Hancock, James A.,

James A. Kushlan, and
Kautz, J. Edward, and Richard A. Malecki,

EfTects of harvest on feral Rock Dove
survival, nest success, and population

size, reviewed, 2 1

3

Kennedy, Robert S., see Dickinson, Edward
C.,

, and Kenneth C. Parkes

Kem, M. D., see Riper, Charles van. III,

, and M. K. Sogge

Kestrel, American, see Falco sparverius

Eurasian, see Falco tinnunculus

Killdeer, see Charadrius vociferus

killfish, see Garmanella pulchra

goldspotted, see Floridicthys carpio

King, Rudy M., see Ganey, Joseph L., Rus-

sell P. Baida, and

Kingbird, Eastern, see Tyrannus tyrannus

Tropical, see Tyrannus melancholicus

Kingfisher, African Dwarf, see Ceyx lecontei

Beach, see Halcyon saurophaga

Belted, see Ceryle alcyon

Black-capped, see Halcyon pileata

European, see Alcedo atthis

Micronesian, see Halcyon cinnamomina

Pacific, see Halcyon tuta

Ringed, see Ceryl torquata

Shovel-billed, see Clytoceyx rex

Tahiti, see Halcyon venerata

Tuamotu, see Halcyon gambieri

White-collared, see Halcyon chloris

White-throated, see Halcyon smymensis

Kinglet, Golden-crowned, see Regulus satra-

pa

Ruby-crowned, see Regulus calendula

Kirkpatrick, Roy L., see Hewitt, David G.,

and

Kiskadee, Great, see Pitangus sulphuratus

Kite, Black-shouldered, see Elanus caeruleus

Hook-billed, see Chondrohierax uncina-

tus

Mississippi, see Ictinia mississippiensis

Pearl, see Gampsonyx swainsonii

Klaas, Erwin E., see Fleskes, Joseph P., and

Klatt, Paul H., and Gary Ritchison, The

duetting behavior of Eastern Screech-

Owls, 483^89
Knipolegus aterrimus, 132, 139

hudsoni, 123, 124, 132, 139

striaticeps, 139

Knot, Red, see Calidris canutus

Knox, A. G., Checklist of the birds of Britain

and Ireland, reviewed, 385

Kookaburra, Laughing, see Dacela novagui-

neae

Kopachena, Jeffrey G., and J. Bruce Falls,

Re-evaluation of morph-specific vari-

ations in parental behavior of the

White-throated Sparrow, 48-59

Kratter, Andrew W., T. Scott Sillett, R. Terry

Chesser, John P. O’Neill, Theodore

A. Parker III, and Abel Castillo, Avi-

fauna of a Chaco Locality in Bolivia,

1 14-141

Kushlan, James A., see Hancock, James A.,

, and M. Philip Kahl

Lagopus lagopus, 37

mutus, 37

Lamboume, Maureen, The art of bird illus-

tration: a visual tribute to the lives

and achievements of the classic bird

illustrators, reviewed, 202-205

Lanius excubitor, 44, 180-183, 532

ludovicianus, 44, 531-532

Lark, Homed, see Eremophila alpestris

Lams argentatus, 333-338, 460, 518-521

atricilla, 333-338, 491, 516

califomicus, 40

delawarensis, 40, 511, 516

glaucescens, 40, 526

hyperboreus, 6, 40

marinus, 333-338, 518-521

Philadelphia, 6, 40

pipixcan, 6, 40

Laterallus jamaicensis, 38, 696-699

Lathrotriccus euleri, 139

Leistes superciliaris, 1 4

1

Lepidocolaptes angustirostris, 130, 138

Leptasthenura platensis, 138

Leptotila verreauxi, 124, 129, 137

Leucosticte arctoa, 46

Lima, Steven L., Ecological and evolution-

ary perspectives on escape from pred-

atory attack: a survey ofNorth Amer-

ican Birds, 1^7
Limnodromus griseus, 6, 39, 515-516

Limosa fedora, 39

Limpkin, see Aramus guarauna

livebcarer, see Poecilia orri

lizard, see Urosaurus auriculatus

Long, A. J., see Bibby, C. J., N. J. Collar, M.
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J. Crosby, M. F. Heath, C. Imboden,

T. H. Johnson,
,
A. J. Statters-

field, and S. J. Thirgood

Longcore, Jerry R., see Gibbs, James P.,

, Daniel G. McAuley, and
James K. Ringelman

Longspur, Chestnut-collared, see Calcarius

omatus

Lapland, see Calcarius lapponicus

McCown’s, see Calcarius mccownii

Smith’s, see Calcarius pictus

Loon, Arctic, see Gavia arctica

Common, see Gavia immer
Pacific, see Gavia pacifica

Red-throated, see Gavia stellata

Yellow-billed, see Gavia adamsii

Lophiogobius cyprinoides, 578

Lophospingus pusillus, 134, 140

Loughin, Thomas M., see Varland, Daniel

E., and

Louis, Mei-Yao, see Cuthbert, Francesca J.,

and

Loveland, Robert E., see Botton, Mark L.,

and

Loxia curvirostra, 46

leucoptera, 46, 284

Loxioides bailleui, 427-435, 587-596

Loxops coccineus caeruleirostris, 430

Macaw, Blue-throated, see Ara glaucogularis

Red-and-green, see Ara chloropterus

Yellow-collared, see Ara auricollis

Machetomis rixosus, 124, 132, 139

Magpie, Green, see Cissa chiensis

Mahan, Carolyn G., see Yahner, Richard H.,

, and Colleen A. DeLong
Malecki, Richard A., see Kautz, J. Edward,

and

Mallard, see Anas platyrhynchos

Manakin, Blue-crowned, see Pipra coronata

Dwarf, see Tyranneutes stolzmanni

Golden-headed, see Pipra erythrocephala

Thrush-like, see Schiffomis turdinus

White-fronted, see Pipra serena

Mannan, R. William, see Morrison, Mi-

chael, Bruce G. Marcot, and

Marcot, Bruce G., see Morrison, Michael,

, and R. William Mannan

Marcum, Heidi A., see Gutzwiller, Kevin J.,

and

Margarops fuscatus, 362

Marin, Manuel, A., and F. Gary Stiles, On
the biology of five species of swifts

(Apodidae, Cupseloidinae) in Costa

Rica, reviewed, 7 1 0-7 1

1

Maron, John L., see Johnson, Oscar W., Pe-

ter G. Connors, Phillip L. Brunner,

and

Marra, Peter P., Reverse mounting in the

Black-throated Blue Warbler, 359-36

1

Martin, Brian, Birds of prey of the British

Isles, reviewed, 542-543

Martin, Brown-chested, see Phaeoprogne

tapera

Gray-breasted, see Progne chalybea

House, see Delichon urbica

Purple, see Progne subis

Southern, see Progne modesta

Marzluff, John M., and Russell P. Baida, The
Pinyon Jay: behavioral ecology of a

colonial and cooperative corvid, re-

viewed, 379-380

Mayfield, Harold F., Kirtland’s Warblers

benefit from large forest tracts, 351-

353

Mazama gouazoubira, 1 1

5

McAuley, Daniel G., see Gibbs, James P.,

Jerry R. Longcore,
,
and James

K. Ringelman

McCabe, Robert A., The little green bird,

ecology of the Willow Flycatcher, re-

viewed, 209-210

McFarlane, Robert W., A stillness in the

pines: the ecology of the Red-Cock-
aded Woodpecker, reviewed, 210-21

1

Meams, Barbara and Richard Meams, Au-
dubon to Xanthus: the lives of those

commemorated in North American
bird names, reviewed, 700-702

Meams, Richard, see Meams, Barbara, and

meetings

Wilson Ornithological Society, 59

Megarynchus pitangua, 139

Melanerpes cactomm, 130, 138

candidus, 130, 138

carolinus, 40, 278, 612-627, 628-636
erythrocephalus, 278, 677

formicivorus, 1 (Frontispiece)

uropygialis, 40

Melanocorypha calandra, 8, 42
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Melanopareia maximiliani, 139

Meleagris gallopavo, 37, 173

Melospiza georgiana, 20, 271, 283, 517

lincolnii, 20, 271, 283

melodia, 20, 45, 164, 283, 400, 406

Mephitis mephitis, 173

Merlin, see Falco columbarius

metabolic rate

in Diomedea immutabilis, 657-665

of Strix occidentalis lucida and Bubo vir-

ginianus, 645-656

Microtus califomicus, 499, 500

pennsylvanicus, 490-496, 499, 500

migration

ofbirds through the Saint Croix River Val-

ley, 265-284

temporal differences in size of Aegolius

acadicus, 356-359

Milvago chimango, 136

Mimodes graysoni, 167-171

Mimus gundlachii, 362

polyglottos, 167, 169, 612-627, 628-636

satuminus, 133, 140

triurus, 133, 140

mink, see Mustela vison

minnow, sheephead, see Cyprinodon varie-

gatus

Mionectes oleagineus, 294

Mniotilta varia, 44, 248, 282, 354, 363

Mockingbird, Bahama, see Mimus gund-

lachii

Chalk-browned, see Mimus satuminus

Northern, see Mimus polyglottos

Socorro, see Mimodes graysoni

White-banded, see Mimus triurus

Moller, A. P., see Birkhead, T. R., and

Molothrus ater, 45, 90, 191, 228-238, 248,

261, 262, 284, 352

badius, 135, 141

bonariensis, 135, 141

rufoaxillaris, 141

Monjita, Black-crowned, see Xolmis coro-

nata

Gray, see Xolmis cinerea

White, see Xolmis irupero

Moore, Laurel A., see Sykes, Paul W., Jr.,

Carol I. Bocetti, and

Moorhen, Common, see Gallinula chloro-

pus

morphology

adaptive significance of scopate tomia,

316-324

morphometric relationships

among Cardinalinae, 93-1 13

Morrison, Michael, Bruce G. Marcot, and R.

William Mannan, Wildlife habitat re-

lationship concepts and application,-

reviewed, 540-541

Morus bassanus, 514

mouse, deer, see Peromyscus maniculatus

meadow jumping, see Zapus hudsonius

white-footed, see Peromyscus leucopus

Mousebird, Speckled, see Colias striatus

Mugil curema, 576, 578

Muller, Yves, Bibliographic d’omithologie

Francaise 1945-1965, reviewed, 71

1

mullet, see Mugil curema

Munn, Charles A., see Jordan, Otto Carlos,

and

Murrelet, Ancient, see Synthliboramphus

antiquus

Muscisaxicola capistrata, 122-123, 124, 132,

139

muskrat, see Ondatra sibethica

Mustela erminea, 460

nivalis, 480

spp., 173, 677

vison, 186

Myadestes obscurus, 589

Myiarchus crinitus, 249, 261, 262, 279, 492

swainsoni, 139

tyrannulus, 132, 139

Myiodynastes maculatus, 1 39

Myiophobus fasciatus, 139

Myiopsitta monachus, 129, 137

Myrmeciza fortis, 301-315

Myrmoborus myotherinus, 31

1

Myrmorchilus strigilatus, 125, 131, 138

Nandayus nenday, 114, 117, 129, 137

Navarro S., Adolfo G., Hesiquio Benitez D.,

Victor Sanchez B., Salvador Garcia

R., and Eduardo Santana C., The

White-faced Swift in Jalisco, Mexico,

366-367

needlefish, redfin, see Strongilura notata

Neocrex erythrops, 136

nest

changing placement in Hemignathus vi-

rens, 436-447
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heterospecific use by Setophaga ruticilla

and Dendroica petechia, 529-531

of Hemignathus munroi, 427-435

parasitism of Hylocichla mustelina by

Molothrus ater, 228-238

predation related to Bonasa umbellus den-

sities, 521-524

response of Passer domesticus to mono-
filament lines at boxes, 504-513

nest cavity

excavation in decayed heartwood by

Sphyrapicus nuchalis, 674-679

use by Histrionicus histrionicus, 691-694

nesting

activity

of Gavia adamsii in Alaska after the

Exxon Valdez spill, 325-332

biology

of Euphonia hirundinacea, 285-300

response

of Sterna hirundo and Larus atricilla to

flyovers of Larus marinus and

Larus argentatus, 333-338

nestling

induced to fledge by parent Lanius ludovi-

cianus, 531-532

niche

of Nearctic Asio flammeus, 497-503

Night-Heron, Black-crowned, see Nyctico-

rax nycticorax

Yellow-crowned, see Nycticorax violacea

Nighthawk, Common, see Chordeiles minor

Nacunda, see Podager nacunda

Nightjar, Band-winged, see Caprimulgus

longirostris

Little, see Caprimulgus parvulus

Scissor-tailed, see Hydropsalis brasiliana

Niven, Daniel K., Male-male nesting behav-

ior in Hooded Warblers, 190-193

Noddy, Brown, see Anous stolidus

Nol, Erica, see Armstrong, Allison Rippin,

and

Norton, Robert L., First Autumnal report of

birds from Rum Cay, Bahamas, 361-

364

Nothoprocta cinerascens, 124, 128, 136

Nothura boraquira, 1 36

maculosa, 136

Nothura, Spotted, see Nothura maculosa

White-bellied, see Nothura boraquira

Notiochelidon cyanoleuca, 133, 140

Nuthatch, European, see Sitta europaea

Red-breasted, see Sitta canadensis

White-breasted, see Sitta carolinensis

Nyctea scandiaca, 501

Nycticorax nycticorax, 142-158, 186, 335

violaceus, 321, 515

Nyctobois griseus, 137

Nystalus maculatus, 130, 138

Oceanites oceanicus, 49

1

Oceanodroma leucorhoa, 491, 494

Odocoileus spp., 87

Omao, see Myadestes obscurus

Ondatra zibethica, 493, 500

O’Neill, John P., see Kratter, Andrew W., T.

Scott SiUett, R. Terry Chesser, ,

Theodore A. Parker III, and Abel

Castillo

Openbill, African, see Anastomus lamelli-

gera

Asian, see Anastomus oscitans

Oporomis agilis, 260, 261, 262, 282

Philadelphia, 282

opossum, Virginia, see Didelphis virginiana

Opsanus beta, 582

Oreomystis bairdi, 430

mana, 430

Oriole, Campo, see Icterus jamacaii

Epaulet, see Icterus cayanensis

Northern, see Icterus galbula

Orr, Oliver H., Jr., Saving American birds,

T. Gilbert Pearson and the founding

of the Audubon movement, re-

viewed, 211-212

Ortalis canicollis, 115, 129, 136

Oryzoborus crassirostris, 696

Osprey, see Pandion haliaetus

Otus asio, 483—489

atricapillus, 117, 124

choliba, 129, 137

hoyi, 1 1

7

Ouellet, Henri, Bicknell’s Thrush; taxonom-
ic status and distribution, 545-572

Ouellet, Henri, reviews by, 704-705

Ovenbird, see Seiurus aurocapillus

Owl, Barred, see Strix varia

Buff-fronted, see Aegolius harrisii

Burrowing, see Speotyto cunicularia

Great Homed, see Bubo virginianus

Long-eared, see Asio otus
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Mexican Spotted, see Strix occidentalis lu-

cida

Northern Saw-whet, see Aegolius acadicus

Rutous-legged, see Strix rufipes

Short-eared, see Asio flammeus
Snowy, see Nyctea scandiaca

Oxyura dominica, 136

jamaicensis, 680, 683

Oystercatcher, American, see Haematopus
palliatus

Pachyramphus polychopterus, 140

viridis, 140

Painted-Snipe, American, see Rostratula

semicollaris

Palila, see Loxioides bailleui

Pampa-Finch, Great, see Embemagra pla-

tensis

Pandion haliaetus, 362, 515

Parabuteo unicinctus, 136

Parakeet, Black-hooded, see Nandayus nen-

day

Blue-crowned, see Aratinga acuticauda

Green-cheeked, see Pyrrhura molinae

Monk, see Myiopsitta monachus

Pardirallus maculatus, 136

Parereomyza maculata, 430

Parker, T. A., Ill, see Willis, Edwin O., Da-

vid W. Snow, Douglas F. Stotz, and

Parker, Michael S., Opportunistic predation

by a Great Blue Heron on an Amer-

ican Dipper, 698-699

Parker, Theodore A., see Hardy, J. W.,

, and Ben B. Coffey, Jr.

Parker, Theodore A., Ill, see Kratter, An-

drew W., T. Scott Sillett, R. Terry

Chesser, John P. O’Neill, ,
and

Abel Castillo

Parkes, Kenneth C., reviews by, 202-205,

536-537, 700-702

Parkes, Kenneth C., see Dickinson, Edward

C., Robert S. Kennedy, and

Parmelee, David Freeland, review by, 382-

383

Paroaria coronata, 124, 134, 141

Parrot, Blue-fronted, see Amazona aestiva

Partridge, Gray, see Perdix perdix

Parula americana, 281, 354, 516-517

pitiayumi, 134, 141

Parula, Tropical, see Parula pitiayumi

Parus atricapillus, 42, 239-255, 261, 262,

279, 492, 637-644

bicolor, 42, 244, 246, 248, 251, 612-627,

628-636

carolinensis, 42, 612-627, 628-636

major, 48

1

palustris, 480

Pasquier, Roger F., and John Farrand, Jr.,

Masterpieces of bird art: 700 years of

ornithological illustration, reviewed,

202-205

Passer domesticus, 1 1 , 47, 68, 69, 141, 504-

513

Passerculus sandwichensis, 15, 20, 45, 283,

363

Passerella iliaca, 20, 96, 283, 400, 407

Passerina amoena, 104, 106, 107, 108, 109

ciris, 93-1 13, 359, 360

cyanea, 93-1 13, 248, 269, 271, 283, 363,

517

leclancherii, 105, 107, 108

rositae, 96, 103, 105, 107, 108

versicolor, 96, 103, 105, 107, 108

Patten, Michael A., A probable bilateral gyn-

andromorphic Black-throated Blue

Warbler, 695-698

Pelecanus occidentalis, 5 1

4

Pelican, Brown, see Pelecanus occidentalis

Peppershrike, Rufous-browned, see Cycla-

rhis gujanensis

Perdix perdix, 37

Peromyscus leucopus, 493, 495

maniculatus, 499, 500

Petenia splendida, 578

Pettingill, Olin Sewall, Jr., My way to orni-

thology, reviewed, 384-385

Pewee, Dark, see Contopus lugubris

Greater Antillean, see Contopus caribacus

Lesser Antillean, see Contopus latirostris

Tropical, see Contupus cinereus

Phacellodomus rufifrons. 131, 138

sibilatrix, 114, 120, 124, 131, 138

Phaeoprogne tapcra, 1 40

Phalarope, Red-necked, see Phalaropus lo-

batus

Wilson’s, see Phalaropus tricolor

Phalaropus lobatus, 39

tricolor, 6

1

Phalcoboenus carunculatus, 688-691

megalopterus, 688-691
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Phasianus colchicus, 37

Pheasant, Ring-necked, see Phasianus col-

chicus

phenetic classification

of Cardinalinae, 93-113

Pheucticus aureoventris, 93-113, 134, 141

chrysogaster, 93-1 13

chrysopeplus, 102, 103, 105, 107, 108

ludovicianus, 93-1 13, 248, 283, 492

melanocephalus, 93-113, 602

Phloeoceastes leucopogon, 130, 138

Phoebe, Eastern, see Sayomis phoebe

phylogeny

of the genus Gymnopithys, 301-315

of the genus Spizella, 399-413

perspective on hybridization for Pipra spp.,

348-351

Phytotoma rutila, 133, 140

Piaya cayana, 129, 137

Picoides albolarvatus, 677

borealis, 40

mixtus, 1 17-118, 124, 130, 138

pubescens, 12, 40, 244, 248, 250, 261, 262,

279

tridactylus, 476

villosus, 244, 249, 260, 261, 262, 279

Piculet, White-barred, see Picumnus cirratus

Piculus chrysochloros, 138

Picumnus cirratus, 125, 130, 138

pig, feral, see Sus scrofa

Pigeon, Pale-vented, see Columba cayen-

nensis

Picazuro, see Columba picazuro

Spot-winged, see Columba maculosa

Pintail, Northern, see Anas acuta

Pipilo aberti, 20

chlorurus, 20, 45

crissalis, 20, 45

erythrophthalmus, 20, 44, 93-1 13, 173,

246, 248, 251, 261, 262, 283, 492,

495, 696

fuscus, 20, 44

Pipit, Water, see Anthus rubescens

Yellowish, see Anthus lutescens

Pipra aureola, 350

coronata, 311, 348-351

erythrocephala, 311, 350

serena, 348-351

Piranga flava, 134, 141

olivacea, 248, 253, 282

Pitangus sulphuratus, 139

Pithys albifrons, 301-315

Pitylus grossus, 93-1 13

Plantcutter, White-tipped, see Phytotoma

rutila

Plectrophenax hyperboreus, 20

nivalis, 20, 25, 45

Plover, Black-bellied, see Pluvialis squataro-

la

Collared, see Charadrius collaris

Crab, see Dromas ardeola

Piping, see Charadrius melodus

Ringed, see Charadrius hiaticula

Semipalmated, see Charadrius semipal-

matus

Snowy, see Charadrius alexandrinus

Wilson’s, see Charadrius wilsonia

plumage

green-blue color changes in Cyanocorax

yncas, 389-398

gynandromorphic Dendroica caerules-

cens, 695-698

Pluvialis apricaria, 60, 61, 64, 65

dominica, 60

fulva, 60-67

squatarola, 362, 491, 495

Pochop, Patricia A., Ron J. Johnson, and
Kent M. Eskridge, House Sparrow re-

sponse to monofilament lines at nest

boxes and adjacent feeding sites, 504-

513

Podager nacunda, 137

Podiceps dominicus, 136

rolland, 136

Podilymbus podiceps, 136

Poecilia orri, 578, 581

Poephila guttata, 359

Polioptila caerulea, 249, 272, 518

dumicola, 122, 133, 140

Polyborus plancus, 125, 128, 136

Polystictus pectoralis, 132, 139

Pooecetes gramineus, 15, 20, 261, 262, 283
Poole, Kim G., see Shank, Christopher C.,

Robert G. Bromley, and
Poospiza melanoleuca, 134, 140

omata, 140

torquata, 134, 140

population

Dendroica kirtlandii benefit from large

forest tracts, 351-353



INDEX TO VOLUME 105 745

gene flow in Spizella passerina, 399-413
size increases in breeding Falco peregrinus

tundrius, 188-190

trends of Hawaii’s native waterbirds, 1 42-

158

porcupine, see Erethizon dorsatus

Porphyriops melanops, 136

Porphyrospiza [Passerina] caerulescens, 109

Porphyrula martinica, 136

Porzana Carolina, 38, 278

Potoo, Gray, see Nyctibius griseus

Poulsen, Bent Otto, A contact zone between

Mountain and Carunculated Caraca-

ras in Ecuador, 688-691

Power, Dennis M., ed.. Current ornithology,

Vol. 9, reviewed, 385

Poyser, A. D., see Vaughn, Richard, T. Poy-

ser, and

Poyser, T., see Vaughn, Richard,
,
and

A. D. Poyser

Pratt, Thane K., see Engilis, Andrew, Jr., and

Pravosudov, Vladimir V., Breeding biology

of the Eurasian Nuthatch in north-

eastern Siberia, 475^82
predation

by Ardea herodias on Cinclus mexicanus,

698-699

by Larus argentatus and Larus marinus on

Limulus polyphemus, 518-521

escape from attack, 1-47

of Bonasa umbellus nests in southwestern

Virginia, 521-524

of Buteo swainsoni on dragonflies, 365-

366

of Rana vaillanti on Wilsonia citrina, 533

on artificial Bonasa umbellus nests, 172-

179

possible attack on Erethizon dorsatum,

524-525

Priodontes maximus, 1 15

proceedings

seventy-fourth annual meeting, 712-725

Procyon lotor, 173, 177, 472

Progne chalybea, 294

modesta, 140

subis, 516

Protonotaria citrea, 190, 282

Psaltriparus minimus, 43

Psammomys obesus, 181

Pseudocolopteryx acutipennis, 1 39

Pseudoseisura lophotes, 120, 121, 124, 131,

138

Ptarmigan, Rock, see Lagopus mutus
Willow, see Lagopus lagopus

Ptychoramphus aleuticus, 6, 40, 525, 528

Puffbird, Spot-backed, see Nystalus macu-

latus

Swallow-winged, see Chelidoptera tene-

brosa

Puffin, Atlantic, see Fratercula arctica

Puffinus Iherminieri, 514

pacificus, 656

Pycnonotus barabatus, 1

3

cafer, 608

Pygmy-Owl, Ferruginous, see Glaucidium

brasilianum

Pygmy-Tyrant, Pearly-vented, see Hemitric-

cus margaritaceiventer

Tawny-crowned, see Euscarthmus melo-

ryphus

Pyrhura molinae, 137

Pyrocephalus rubinus, 132, 139

Pyrrhuloxia, see Cardinalis sinuatus

Quail, California, see Callipepla califomica

Gambel’s, see Callipepla gambelii

Quelea quelea, 369

Quelea, Red-billed, see quelea quelea

Querula purpurata, 93-1 13

Quiscalus major, 1 59

mexicanus, 159, 696

quiscula, 46, 372

racoon, see Procyon lotor

Rail, Black, see Laterallus jamaicensis

Clapper, see Rallus longirostris

King, see Rallus elegans

Spotted, see Pardirallus maculatus

Virginia, see Rallus limicola

Rallus elegans, 38

limicola, 38

longirostris, 38, 362

Ramirez, Jesus, see Vogt, Richard C.,

, and Jose Luis Villareal B.

Ramo, Chistina, and Benjamin Busto, Re-

source use by herons in a Yucatan

wetland during the breeding season,

573-586

Ramphastos toco, 138

Rana vaillanti, 533

rat, see Rattus spp.
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fat-tailed sand, see Psammomys obesus

Norway, see Rattus norvegicus

Ratcliffe, L., see Shackleton, S. A., and

Rattus norvegicus, 493

spp., 591

Raven, Common, see Corvus corax

record

Ara glaucogularis in Bolivia, 694-695

Capsiempis flaveola in Peru, 534

Cypseloides storeri in Jalisco, Mexico, 366-

367

Sterna paradisaea on the Pacific Coast of

Mexico, 364-365

Recurvirostra americana, 38

Redpoll, Common, see Carduelis flammea

Redstart, American, see Setophaga ruticilla

Reed, J. Michael, review by, 210-21

1

Regulus calendula, 43, 280, 612-627, 628-

636

satrapa, 43, 243, 244, 250, 280

Remsen, J. V., Jr., see Tamplin, Jeffrey W.,

James W. Demastes, and

Renken, Rochelle B., and Ernie P. Wiggers,

Habitat characteristics related to Pi-

leated Woodpecker densities in Mis-

souri, 77-83

reproductive success

of Falco sparverius nesting along an in-

terstate highway, 465-474

Reynard, George B., Orlando H. Garrido,

and Robert L. Sutton, Taxonomic re-

vision ofthe Greater Antillean Pewee,

217-227

Rhamdia guatemalensis, 578

Rhea americana, 128, 136

Rhea, Greater, see Rhea americana

Rhegmatorhina melanosticta, 301-315

Rhinocrypta lanceolata, 120, 121, 125, 132,

138

Rhodothraupis celaeno, 96, 104, 106, 107

Righter, Robert, see Andrews, Robert, and

Ringelman, James K., see Gibbs, James P.,

Jerry R. Longcore, Daniel G. Mc-

Auley, and

Riper, Charles van. III, M. D. Kem, and M.

K. Sogge, Changing nest placement of

Hawaiian Common Amakihi during

the breeding cycle, 436-447

Ritchison, Gary, see Klatt, Paul H., and

Ritter, Michael W., and Thomas M. Sweet,

Rapid colonization of a human-made

wetland by Mariana Common Moor-

hen on Guam, 685-687

Robbins, Mark B., review by, 207-208

Robertson, Gregory J., Interspecific killing

in the Pacific Loon, 534-535

Robertson, Raleigh J., see Conrad, Kelvin

F.
,
and

Robin, American, see Turdus migratorius

Rodriguez-Estrella, Ricardo, see Castellan-

os, Aradit, and

Rook, see Corvus frugilegus

roosting

critique of “patch sitting hypothesis”, 368-

372, 372-378

Rosefinch, Pink-browed, see Carpodacus

rhodochrous

Rostratula semicollaris, 137

Ross, Charles A., review by, 205-206

Rudolph, D. Craig, and Charles D. Fisher,

Swainson’s Hawk predation on drag-

onflies in Argentina, 365-366

Saltator albicollis, 93-1 13

altricollis, 103, 107, 108

aurantiirostris, 93-113, 134, 141

cinctus, 104, 106, 107, 108

coerulescens, 93-113, 141

maximus, 93-1 13

nigriceps, 93-113

rufiventris, 103, 107, 108

similis, 103, 107, 108

Saltator, Black-cowled, see Saltator nigriceps

Black-throated, see Saltator atricollis

Buff-throated, see Saltator maximus
Golden-billed, see Saltator aurantiirostris

Grayish, see Saltator coerulescens

Green-winged, see Saltator similis

Masked, see Saltator cinctus

Rufous-bellied, see Saltator rufiventris

Streaked, see Saltator albicollis

Saltatricula multicolor, 124, 134, 141

Sanchez B., Victor, see Navarro S., Adolfo
G.

, Hesiquio Benitez D.,
,
Sal-

vador Garcia R., and Eduardo San-
tana C.

Sanderling, see Calidris alba
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Sandpiper, Buff-breasted, see Tryngiles sub-

ruficollis

Least, see Calidris minutilla

Pectoral, see Calidris melanotos

Semipalmated, see Calidris pusilla

Solitary, see Tringa solitaria

Spotted, see Actitis macularia

Western, see Calidris mauri

White-rumped, see Calidris fuscicollis

Santana C., Eduardo, see Navarro S., Adolfo

G., Hesiquio Benitez D., Victor San-

chez B., Salvador Garcia R., and

Santner, Steven J., Daniel W. Brauning,

Glenna Schwalbe, and Saul W.
Schwalbe, Annotated list of the birds

of Pennsylvania, reviewed, 543-544

Sapsucker, Red-naped, see Sphyrapicus nu-

chalis

Yellow-bellied, see Sphyrapicus varius

Sargent, Sarah, Nesting biology of the Yel-

low-throated Euphonia: large clutch

size in a neotropical frugivore, 285-

300

Satrapa icterophrys, 139

Sayomis phoebe, 42, 279, 597-603

Scaup, Lesser, see Aythya affinis

Schiffomis turdinus, 348

Schirato, Greg, see Cassirer, E. Frances,

, Fred Sharpe, Craig R. Groves,

and Rusty N. Anderson

Schomiophylax phryganophila, 138

Schubert, Claudia A., and Fred Cooke, Egg-

laying intervals in the Lesser Snow

Goose, 414-426

Schwalbe, Glenna, see Santner, Steven J.,

Daniel W. Brauning, ,
and Saul

W. Schwalbe

Schwalbe, Saul, see Santner, Steven J., Dan-

iel W. Brauning, Glenna Schwalbe,

and

Scolopax minor, 173, 278

Screech-Owl, Eastern, see Otus asio

Hoy’s, see Otus hoyi

Tropical, see Otus choliba

Variable, see Otus atricapillus

Scrub-Flycatcher, Southern, see Sublegatus

modestus

Scythebill, Red-billed, see Campylorham-

phus trochilirostris

Sedgwick, James A., Reproductive ecology

of Dusky Flycatchers in western Mon-
tana, 84-92

Sedgwick, James A., review by, 209-210

Seed-Finch, Large-billed, see Oryzoborus

crassirostris

Seedeater, Double-collared, see Sporophila

caerulescens

Lined, see Sporophila lineola

Tawny-bellied, see Sporophila hypoxan-

tha

Seiurus aurocapillus, 173, 239-255, 260, 26 1

,

262, 282, 363, 517

motacilla, 269, 272, 274, 282

noveboracensis, 282, 363, 517 •

Seriema, Black-legged, see Chunga burmeis-

teri

Red-legged, see Cariama cristata

Serpophaga minda, 139

suberistata, 132, 139

Servat, Grace P., First records of the Yellow

Tyrannulet (Capsiempis flaveola) in

Peru, 534

Setophaga ruticilla, 164, 261, 262, 282, 359,

363, 529-531

sexual dimorphism

in bill shape and external measurements

of Aethia cristatella, 525-529

in Sayomis phoebe, 597-603

Shackleton, S. A., and L. Ratcliffe, Devel-

opment of song in hand-reared Black-

capped Chickadees, 637-644

Shank, Christopher C., Robert G. Bromley,

and Kim G. Poole, Increase in breed-

ing population of Tundra Peregrine

Falcons in the central Canadian Arc-

tic, 188-190

Sharpe, Fred, see Cassirer, E. Frances, Greg

Schirato, ,
Craig R. Groves, and

Rusty N. Anderson

Shearwater, Audubon's, see Puffinus Ihcr-

minieri

Wedge-tailed, see Puffinus pacificus

Sheppard, Jay M.. review by, 705-707

Shoveler, Norther, see Anas clypeata

shrew, masked, see Sorex cinereus

northern short-tailed, see Blarina brevi-

cauda

spp., see Sorex spp.
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Shrike, Loggerhead, see Lanius ludovicianus

Northern, see Lanius excubitor

Shrike-Tyrant, Gray-bellied, see Agriomis

microptera

Lesser, see Agriomis murina

Sialia currucoides, 26

1

sialis, 164, 280, 612-627, 628-636

spp., 9

Sicalis flaveola, 140

luteola, 140

Sillett, T. Scott, see Kratter, Andrew W.,

, R. Terry Chesser, John P.

O’Neill, Theodore A. Parker III, and

Abel Castillo

Siskin, Hooded, see Carduelis magellanica

Pine, see Carduelis pinus

site tenacity

of Loxioides bailleui, 587-596

Sitta canadensis, 279

carolinensis, 244, 249, 250, 280

europaea, 9, 475-482

Sittasomus griseicapillus, 138

skunk, striped, see Mephitis mephitis

Skutch, Alexander F., The imperial call, re-

viewed, 544

Skutch, Alexander F., A naturalist in Costa

Rica, reviewed, 544

Skylark, Eurasian [Calandra], see Melano-

corypha calandra

Smith, Susan M., The Black-capped Chick-

adee: behavioral ecology and natural

history, reviewed, 197-199

Snow, David, ed.. Birds, dicovery and con-

servation, 100 years ofthe British Or-

nithologists’ Club, reviewed, 385

Snow, David W., see Willis, Edwin O.,

, Douglas F. Stotz, and T. A.

Parker III

Snowcock, Himalayan, see Tetraogallus

himalayensis

Snyder, Noel F. R., see Beissinger, Steven

R., and

Sodhi, Navjot S., Proximate determinants of

foraging effort in breeding male Mer-

lins, 68-76

Sogge, M. K.
,
see Riper, Charles van. III, M.

D. Kem, and

Somateria mollissima, 4, 36, 534-535, 680

Sora, see Prozana Carolina

Sorex cinereus, 492

spp., 493

Sparrow, American Tree, see Spizella ar-

borea

Bachman’s, see Aimophila aestivalis

Baird’s, see Ammodramus bairdii

Black-chinned, see Spizella atrogularis

Black-throated, see Amphispiza bilineata

Brewer’s, see Spizella brewed

Cassin’s, see Aimophila cassinii.

Chipping, see Spizella passerina

Clay-colored, see Spizella pallida

Field, see Spizella pusilla

Fox, see Passerella iliaca

Golden-crowned, see Zonotrichia atrica-

pilla

Grasshopper, Ammodramus savannarum

Grassland, see Ammodramus humeralis

Harris’, see Zonotrichia querula

Henslow’s, see Ammodramus henslowii

House, see Passer domesticus

Lark, see Chondestes grammacus

LeConte’s, see Ammodramus leconteii

Lincoln’s, see Melospiza lincolnii

Rufous-collared, see Zonotrichia capensis

Rufous-crowned, see Aimophila mficeps

Rufous-winged, see Aimophila carpalis

Sage, see Amphispiza belli

Savannah, see Passerculus sandwichensis

Seaside, see Ammodramus maritimus

Sharp-tailed, see Ammodramus cauda-

cutus

Song, see Melospiza melodia

Striped-capped, see Aimophila strigiceps

Swamp, see Melospiza georgiana

Timberline, see Spizella tavemeri

Vesper, see Pooecetes gramineus

White-crowned, see Zonotrichia leuco-

phrys

White-throated, see Zonotrichia albicollis

Worthen’s, see Spizella vortheni

Sparrowhawk, Eurasian, see Accipiter nisus

species richness

of avifauna in Aspen parklands, 256-264
Speotyto cunicularia, 137, 653

Sphyrapicus nuchalis, 674-679

varius, 261, 278, 516

Spindalis zena, 517

Spinetail, Chotoy, see Schoeniophylax phry-

ganophila
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Pale-breasted, see Synallaxis albescens

Sooly-fronted, see Synallaxis frontalis

Stripe-crowned, see Cranioleuca pyrrho-

phia

Spiza americana, 10, 93-1 13

Spizella arborea, 20, 45, 243, 244, 250, 399-

413

atrogularis, 20, 399^13
breweri, 20, 404, 406

pallida, 20, 260, 261, 262, 283, 399-413

passerina, 20, 93-1 1 3, 249, 273, 283, 399-

413

pusilla, 20, 45, 173, 246, 247, 248, 252,

272, 283, 399-413

taverneri, 399, 400

wortheni, 399, 400, 408

Spiziapteryx circumcinctus, 1 16, 125, 128,

136

Spoonbill, Roseate, see Ajaia ajaia

Sporophila caerulescens, 140, 696

hypoxantha, 141

lineola, 140

Sprunt, Alexander, IV, see Buden, Donald

W., and

Starling, Brahminy, see Stumus pagodarum

European, see Stumus vulgaris

Spotless, see Stumus unicolor

Starthroat, Blue-tufted, see Heliomaster fur-

cifer

Stattersfield, A. J., see Bibby, C. J., N. J.

Collar, M. J. Crosby, M. F. Heath, C.

Imboden, T. H. Johnson, A. J. Long,

, and S. J. Thirgood

status

of Contopus borealis in southeastern Bra-

zil, 193-194

of Hawaii’s native waterbirds, 142-158

of Mimodes graysoni, 167-171

of Sterna fosteri in Minnesota, 184-187

Stelgidopteryx fucata, 140

serripennis, 279, 294

Stercorarius parasiticus, 460

Sterna anaethetus, 516

dougallii, 333, 5 16

forsteri, 184-187

fuscata, 516

hirundo, 333-338, 364, 492, 494

paradisaea, 333, 364-365

Stewart, Peter R., see Flint, Peter R., and

Sligmatura budytoides, 122, 132, 139

Stiles, F. Gary, see Marin, Manuel, A., and

Stilt, Black-necked, see Himantopus mexi-

canus

Storm-Petrel, Leach’s, see Oceanodroma
leucorhoa

Wilson’s, see Oceanites oceanicus

Stotz, Douglas F., A hybrid manakin (Pipra)

from Roraima, Brazil, and a phylo-

genetic perspective on hybridization

in the Pipridae, 348-351

Stotz, Douglas F., see Willis, Edwin O., Da-

vid W. Snow,
,
and T. A. Par-

ker III

Streptoprocne semicollaris, 367

zonaris, 124, 130, 137

Strix occidentalis, 645

occidentalis lucida, 645-656

rufipes, 114, 117, 129, 137

varia, 278

Strongilura notata, 576, 578, 581, 582

Stumella spp., 46

Stumus pagodamm, 194

spp., 9

unicolor, 194

vulgaris, 9, 14, 44, 194, 261, 359, 360,

372, 374, 377, 465^74

Sublegatus modestus, 132, 139

Sugihara, Robert T., see Fancy, Steven G.,

, John J. Jeffrey, and James D.

Jacobi

Suiriri, Chaco, see Suiriri suiriri

Suiriri suiriri, 132, 139y

Summers-Smith, J. Denis, In search of spar-

rows, reviewed, 2 1

2

Sus scrofa, 59

1

Sutton, Robert L., see Reynard, George B..

Orlando H. Garrido, and

Svensson, Lars, Identification guide to Eu-

ropean passerines, reviewed, 544

Swallow, Bam, see Hirundo rustica

Blue-and-white, see Notiochclidon cyano-

leuca

Chilean, see Tachycineta meyeni

Cliff, see Hirundo pyrrhonota

Northern Rough-winged, see Stelgidop-

teryx serripennis

Tawny-headed, see Stelgidoptervx fucata
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White-rumped, see Tachycineta leucor-

rhoa

Sweet, Thomas M., see Ritter, Michael W.,

and

Swift, Chimney, see Chaetura pelagica

White-collared, see Streptoprocne zonaris

White-faced, see Cypseloides storeri

White-napped, see Streptoprocne semi-

collaris

White-throated, see Aeronautes saxatilis

Sykes, Paul W., Jr., Carol 1. Bocetti, and Lau-

rel A. Moore, Male Kirtland’s War-

bler with incubation patch, 354-356

Sylvilagus floridanus, 500

Synallaxis albescens, 138

frontalis, 124, 125, 131, 138

Synthliboramphus antiquus, 525

Tachuri, Bearded, see Polystictus pectoralis

Tachycineta leucorrhoa, 140

meyeni, 140

Tamplin, Jeffrey W., James W. Demastes,

and J. V. Remsen, Jr., Biochemical

and morphometric relationships

among some members of the Cardi-

nalinae, 93-1 13

Tanager, Blue-and-yellow, see Thraupis

bonariensis

Hepatic, see Piranga flava

Sayaca, see Thraupis sayaca

Scarlet, see Piranga olivacea

Stripe-headed, see Spindalis zena

Swallow, see Tersina viridis

Tapera naevia, 137

Taraba major, 131, 138

taxonomy

of Catharus minimus bicknelli, 545-572

of Contopus caribaeus, 217-227

Tayassu spp., 1 15

Teal, Blue-winged, see Anas discors

Green-winged, see Anas crecca

Ringed, see Callonetta leucophrys

Teather, Kevin L., Behavioral development

of male and female Red-winged,

Blackbirds, 159-166

Telespyza cantans, 430, 431

ultima, 430

Tern, Arctic, see Sterna paradisaea

Black, see Chlidonias niger

Bridled, see Sterna anaethetus

Common, see Sterna hirundo

Forster’s, see Sterna forsteri

Roseate, see Sterna dougallii

Sooty, see Sterna fuscata

territory

as affected by observation posts in Lanius

excubitor, 180-183

Tersina viridis, 141

Tetraogallus himalayensis, 5, 17, 38

Thamnophilus caerulescens, 120, 131, 138

doliatus, 117, 131, 138

Thiollay, J.-M., see Tostain, O., J.-L. Du-

jardin, Ch. Erard, and

Thirgood, S. J., see Bibby, C. J., N. J. Collar,

M. J. Crosby, M. F. Heath, C. Im-

boden, T. H. Johnson, A. J. Long, A.

J. Stattersfield, and

Thompson, Max C., and Charles Ely, Birds

in Kansas, Vol. II, reviewed, 537-538

Thompson, Max C., review by, 199-200

Thombird, Little, see Phacellodomus sibi-

latrix

Plain, see Phacellodomus rufifrons

Thrasher, Curve-billed, see Toxostoma cur-

virostre

Pearly-eyed, see Margarops fuscatus

Thraupis bonariensis, 134, 141

sayaca, 134, 141

Thrush, Bicknell’s, see Catharus minimus
bicknelli

Creamy-bellied, see Turdus amaurochali-

nus

Gray-cheeked, see Catharus minimus, Ca-

tharus minimus aliciae

Hermit, see Catharus guttatus

Swainson’s, see Catharus ustulatus

Wood, see Hylocichla mustelina

Thryothorus guarayanus, 1 40

ludovicianus, 280, 612-627, 628-636
time budget

of breeding Bucephala clangula, 680-685
Tinamou, Brushland, see Nothoprocta ci-

nerascens

Small-billed, see Crypturellus parvirostris

Tataupa, see Crypturellus tataupa

Tit, Great, see Parus major

Marsh, see Parus palustris

Tit-Spinetail, Tufted, see Leptasthenura pla-

tensis

Titmouse, Tufted, see Parus bicolor

Tostain, O., J.-L. Dujardin, Ch. Erard, and
J.-M. Thiollay, Oiseaux de Guyane,
reviewed, 704-705
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Toucan, Toco, see Ramphastos toco

Towhee, Abert’s, see Pipilo aberti

California, see Pipilo crissalis

Canyon, see Pipilo fuscus

Green-tailed, see Pipilo chlorurus

Rufous-sided, see Pipilo erythrophthal-

mus
Toxostoma curvirostre, 7, 9, 43, 164

rufum, 261, 280

Trapnell, David, Nature in art; a celebration

of 300 years of wildlife painting, re-

viewed, 536-537

Tringa flavipes, 38

melanoleuca, 362

nebularia, 64

solitaria, 137, 515

Troglodytes aedon, 43, 133, 140, 249, 261,

280, 287, 294, 448-454

troglodytes, 280

Trogon, Blue-crowned, see Trogon curucui

Trogon curucui, 138

Tropidurus hispidus, 121

Tryngites subruficollis, 39

Turdus amaurochalinus, 133, 140

grayi, 291

migratorius, 9, 43, 261, 280, 373, 609, 612-

627, 628-636

spp., 369

Turkey, Wild, see Meleagris gallopavo

Turner, J. G., see Weisbrod, A. R., C. J.

Burnett,
,
and Dwain W. War-

ner

Turnstone, Black, see Arenaria melanoceph-

ala

Ruddy, see Arenaria interpres

Tye, Alan, “Diurnal activity centers” and

“information centers”: a need for more

critical study, 368-372

Tyler, Jack D., reviews, 707-710

Tyranneutes stolzmanni, 348

Tyrannulet, Plain, see Inezia inomata

White-bellied, see Serpophaga munda

White-crested, see Serpophaga subcristata

Yellow, see Capsiempis flaveola

Tyrannus forficatus, 602

melancholicus, 140

savana, 139

tyrannus, 42

Tyrant, Cattle, see Machetomis rixosus

Cinereous, see Kniplegus striaticeps

Spectacled, see Hymenops perspicillata

Yellow-browed, see Satrapa icterophrys

Tyto alba, 137, 500, 501, 516

Upucerthia albigula, 199

certhioides, 14, 118-119, 131, 138

estebani, 119

harterti, 1 18-1 19

jelskii, 1 19

Urocyon cinereoargenteus, 173

Urosaurus auriculatus, 169

Varland, Daniel E., and Thomas M. Lough-

in, Reproductive success ofAmerican

Kestrels nesting along an interstate

highway in central Iowa, 465—474

Vaughn, Richard, T. Poyser, and A. D. Poy-

ser. In search of Arctic birds, re-

viewed, 382-383

Veery, see Catharus fuscescens

Verbeek, Nicolaas A. M., review by, 208-

209

Verdin, see Auriparus flaviceps

Vermivora celata, 44, 271, 281

chrysoptera, 246, 248, 252, 269, 271, 281

peregrina, 269, 273, 281, 516

pinus, 272, 281

pinus X chrysoptera, 281

ruficapilla, 249, 281, 354

Vestiaria coccinea coccinea, 430, 433

Villareal, Jose Luis, B., see Vogt, Richard C.,

Jesus Ramirez, and

Villasenor, Jose Fernando, First document-

ed records of the Arctic Tern on the

Pacific Coast of Mexico, 364-365

Vireo crassirostris, 362

flavifrons, 249, 281, 530

gilvus, 261, 262, 272, 281

olivaceus, 140, 239-255, 261, 262, 281,

530

philadelphicus, 281

solitarius, 10, 44, 280, 492

Vireo, Philadelphia, see Vireo philadelphi-

cus

Red-eyed, sec Vireo olivaceus

Solitary, see Vireo solitarius

Thick-billed, see Vireo crassirostris

Warbling, see Vireo gilvus

Yellow-throated, see Vireo flavifrons

vocalization

duetting behavior of Otus asio, 483-489

song development in hand-reared Pams

atricapillus, 637-644

Vogt, Richard C., Jesus Ramirez, and Jose
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Luis Villareal B., Migrant Hooded
Warblers as prey ofNeotropical Frogs,

533

Volatinia jacarina, 134, 140

vole, Califronia, see Microtus califomicus

meadow, see Microtus pennsylvanicus

Vulpes vulpes, 173, 460

vultur gryphus, 116, 124, 128, 136

Vulture, Black, see Coragyps atratus

Turkey, see Cathartes aura

Wagtail-Tyrant, Greater, see Stigmatura

budytoides

Wall, Stephen B. Vander, review by, 379-

380

Walley, Harlan D., review by, 384

Warbler, Bay-breasted, see Dendroica cas-

tanea

Black-and-white, see Mniotilta varia

Black-throated Blue, see Dendroica caeru-

lescens

Black-throated Green, see Dendroica vi-

rens

Blackburnian, see Dendroica fusca

Blackpoll, see Dendroica striata

Blue-winged, see Vermivora pinus

Brewster’s, see Vermivora pinus x Ver-

mivora chrysoptera

Canada, see Wilsonia canadensis

Cape May, see tigrina

Cerulean, see Dendroica cerulea

Chestnut-sided, see Dendroica pensylva-

nica

Connecticut, see Oporomis agilis

Golden-winged, see Vermivora chrysop-

tera

Hooded, see Wilsonia citrina, 190-193

Kirtland’s, see Dendroica kirtlandii

Magnolia, see Dendroica magnolia

Mourning, see Oporomis Philadelphia

Nashville, see Vermivora mficapilla

Orange-crowned, see Vermivora celata

Palm, see Dendroica palmarus

Pine, see Dendroica pinus

Prairie, see Dendroica discolor

Prothonotary, see Protonotaria citrea

Tennessee, see Vermivora peregrina

Wilson’s, see Wilsonia pusilla

Worm-eating, see Helmitheros vermivo-

rus

Yellow, see Dendroica petechia

Yellow-rumped, see Dendroica coronata

Yellow-throated, see Dendroica dominica

Warbling-Finch, Black-capped, see Poospiza

melanoleuca

Cinnamon, see Poospiza omata

Ringed, see Poospiza torquata

Warner, Dwain W., see Weisbrod, A. R., C.

J. Burnett, J. G. Turner, and

Water-Tyrant, Pied, see Fluvicola pica

Waterthrush, Louisiana, see Seiurus mota-

cilla

Northern, see Seiums noveboracensis

Waxwing, Bohemian, see Bombycilla gar-

mlus

Cedar, see Bobmycilla cedrorum

weasel, see Mustela spp., Mustela nivalis

Weisbrod, A. R., C. J. Burnett, J. G. Turner,

and Dwain W. Warner, Migrating

birds at a stopover site in the Saint

Croix River Valley, 265-284

wetland

colonization by Gallinula chloropus, 685-

687

use by breeding herons, 573-586

Whip-poor-will, see Caprimulgus vociferus

White, Clayton, review by, 542-543

Whitmore, Robert C., review by, 540-541

Whittow, G. C., see Zhang, Q., and
Wigeon, American, see Anas americana

Eurasian, see Anas penelope

Wiggers, Ernie P., see Renken, Rochelle B.,

and

Wilds, Claudia, Find birds in the National

Capital area, reviewed, 705-706
Willet, see Catoptrophorus semipalmatus
Williams, Julia, see Banko, Paul C., and

Willis, Edwin O., David W. Snow, Douglas
F. Stotz, and T. A. Parker III, Olive-

sided Flycatchers in southeastern
Brazil, 193-194

Willoughby, Ernest J., Mold of the genus
Spizella (Passeriformes, Emberizi-
dae) in relation to ecological factors

affecting plumage wear, reviewed,
541-542

Wilsonia canadensis, 271, 282
citrina, 190-193, 354, 533

pusilla, 282

Wood, D. Scott, review by, 384-385
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Wood-Pewee, Eastern, see Contopus virens

Western, see Contopus cordidulus

Woodcock, American, see Scolopax minor

Woodcreeper, Black-banded, see Dendro-

colaptes picumnus

Great Rufous, see Xiphocolaptes major

Narrow-billed, see Lepidocolaptes angus-

tirostris

Olivaceous, see Sittasomus griseicapillus

Scimitar-billed, see Drymomis bridgesii

Wedge-billed, see Glyphorynchus spirurus

Woodpecker, Acorn, see Melanerpes for-

micivorus

Black-bodied, see Dryocopus schulzi

Checkered, see Picoides mixtus

Cream-backed, see Phloeoceastes leuco-

pogon

Downy, see Picoides pubescens

Gila, see Melanerpes uropygialis

Golden-green, see Piculus chrysochloros

Great Spotted, see Dendrocopos major

Green-barred, see Colaptes melanochlo-

ros

Hairy, see Picoides villosus

Pileated, see Dryocopus pileatus

Red-bellied, see Melanerpes carolinus

Red-cockaded, see Picoides borealis

Red-headed, see Melanerpes erythroceph-

alus

Three-toed, see Picoides tridactylus

White, see Melanerpes candidus

White-fronted, see Melanerpes cactorum

White-headed, see Picoides albolarvatus

Woods, Christopher P., Parent Loggerhead

Shrikes induce nestlings to fledge, 531-

532

Woodstar, Bahama, see Calliphlox evelynae

Woolfenden, Glen E., review by, 381-382

Wren, Band-backed, see Campylorhynchus

zonatus

Cactus, see Campylorhynchus brunnei-

capillus

Carolina, see Thryothorus ludovicianus

Fawn-breasted, see Thryothorus guaraya-

nus

House, see Troglodytes aedon

Marsh, see Cistothorus palustris

Sedge, see Cistothorus plantensis

Winter, see Troglodytes troglodytes

Xenopsaris albinucha, 140

Xenopsaris, White-naped, see Xenopsaris

albinucha

Xiphocolaptes major, 130, 138

Xiphophorus maculatus, 578

Xolmis cinerea, 139

coronata, 139

irupero, 139

Yahner, Richard H., Effects oflong-term for-

est clear-cutting on wintering and

breeding birds, 239-255

Yahner, Richard H., Carolyn G. Mahan, and

Colleen A. DeLong, Dynamics of

depredation on artificial ground nests

in habitat managed for Ruffed Grouse,

172-179

Yellow-Finch, Grassland, see Sicalis luteola

Yellowlegs, Greater, see Tringa melanoleuca

Lesser, see Tringa flavipes

Yellowthroat, Common, see Geothlypis tri-

chas

Masked, see Geothlypis aequinoctialis

Yezerinac, Stephen M., American Redstarts

using Yellow Warblers’ nest, 529-53

1

Yosef, Reuven, Influence ofobservation posts

on territory size of Northern Shrikes,

180-183

Zapus hudsonius, 493, 495

Zenaida asiatica, 40

auriculata, 137

macroura, 7, 14, 40, 261, 262, 278

Zhang, Q., and G. C. Whittow, Organ growth

and oxygen comsumption in Laysan

Albatross embryos, 657-665

Zicus, Michael C., and Steven K. Hennes,

Diurnal time budgets of breeding

Common Goldeneyes, 680-685

Zimmerman, John L., review by, 537-538

Zink, Robert M., and Donna L. Dittmann,

Population structure and gene flow in

the Chipping Sparrow and a hypoth-

esis for evolution in the genus Spi-

zella, 399^ 1

3

Zonotrichia albicollis, 20, 45, 48-59, 251,

283

atricapilla, 20, 45

capensis 133, 140

leucophrys, 15, 20, 45, 283

querula, 20
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